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Preface. 

The  materials  for  this  small  volume  have  been 
gathered  as  opportunities  have  arisen  during  a  period 
of  several  years.  It  has  been  written  with  a  view 
to  furnish  a  connected  account  of  the  initiation 
and  development  of  the  mineral  water  industry,  which 
has  achieved  a  more  satisfactory  position  in  England 
than  in  foreign  countries,  if  we  except  America, 
where  the  tastes  and  institutions  of  the  people  are 
found  extended  on  lines  parallel  to  our  own.  Detailed 
technical  descriptions  of  machines  and  processes  have 
been  avoided  as  much  as  possible,  in  order  that  the 
account  may  be  read  with  some  degree  of  interest 
by  those  who  are  the  most  unfamiliar  with  chemistry 
and  mechanics.  It  is  not  intended  to  be  a  manu- 
facturer's handbook,  therefore  it  contains  no  formulae 
for  preparations.  If  it  conveys  to  the  ordinary  reader 
an  intelligent  idea  as  to  how  artificial  mineral  waters 
came  into  being,  and  how  they  are  manufactured 
to-day,  it  will  have  answered  the  purpose  I  have  in  view. 
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Introduction. 


It  seems  fitting  at  tlie  beginning  of  the  new  century 
that  a  compendious  account  should  be  compiled  of 
the  labours  of  the  men  who  were  the  means  of 
founding  such  an  important  industry  as  the  manufac- 
ture of  artificial  mineral  waters.  To  attempt  to 
apportion  the  due  meed  of  merit,  even  at  this  distance 
of  time,  to  each  of  those  who  have  been  regarded 
as  pioneers  in  this  work  would  be  a  vain  task.  As 
frequently  happens  in  the  case  of  important  discoveries, 
many  antecedent  workers  contributed  to  the  building 
of  the  bridge  upon  which  the  acclaimed  discoverer 
only  placed  the  keystone. 

Articles  treating  of  such  subjects  as  the  "Origin  of. 
Soda  Water "  are  not  at  all  uncommon  in  periodicals 
of  different  kinds  ;  but  they  are,  in  the  main,  abstracts 
of  the  few  treatises  upon  this  subject  which  have 
previously  appeared.  In  these  the  principal  facts 
have  been  set  forth  with  a  certain  degree  of  accuracy  ; 
but  some  little  requires  to  be  done  in  order  to  give 
the  true  perspective  to  the  picture. 

Two  lines  of  thought  and  investigation  are  clearly 
traceable  through  the  work  which  culminated  in  the 
artificial  aeration  of  chemical    solutions    intended  to 
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take  the  place  of  natural  mineral  waters.  Physicians 
very  early  recognised  that  natural  medicinal  waters 
contain  a  subtile  spirit, — variously  designated,  spij'itus 
silvesti'isl'  ''gas  sylvestj'e"  "  the  soul  of  the  waters,"  "  an 
jEtherial  elastic  spirit,"  a  "  volatile  mineral  principle," 
the  "  mineral  spirit," — which  was  regarded  as  being 
almost,  if  not  altogether,  beyond  the  reach  of  investi- 
gation. Because  of  the  difficulty  experienced  in 
transporting  medicinal  waters  to  a  distance  from  the 
springs  where  they  exhibited  their  virtues  unabated, 
and  notwithstanding  the  belief  that  the  gas  evolved 
by  the  natural  waters  was  a  powerful  aid  to  the 
efficacy  of  the  waters,  many  attempts  were  made  to 
find  artificial  substitutes  for  them.  Thus  it  came 
to  pass  that  solutions  of  chemical  substances  were 
prescribed  in  the  place  of  the  natural  remedies.  This 
line  of  investigation  seems  to  have  reached  a  climax 
in  the  year  1770,  when  Professor  Torbern  Bergman, 
being  obliged  to  undergo  a  course  of  treatment  with 
foreign  medicated  waters,  analysed  them,  and  proceeded 
to  compound  imitations  of  them  to  the  benefit  of 
himself  and  his  friends.  The  other  line  of  investigation 
did  not  extend  over  so  great  a  time.  Dr.  Macbride, 
about  the  middle  of  the  eighteenth  century,  formed 
a  hypothesis,  based  upon  the  investigations  of  Dr. 
Stephen  Hales  and  Dr.  Black,  that  there  is  a  principle 
in  matter  forming  a  bond  of  union,  or  cement,  among 
the  invisible  particles.  To  this  he  ascribed  properties 
which  he  thought  indicated  that  some  diseases, 
especially  the  so-called  putrid  diseases,  including 
scurvy,    might    be    cured    by   the  restoration  of  this 
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principle  (fixed  air)  to  the  body,  which  he  assumed 
was  suffering  because  of  its  loss.  His  able  arguments 
and  his  ingenious  experiments  upon  the  antiseptic 
properties  of  fixed  air  ultimately  resulted  in  Dr. 
Joseph  Priestley  devising  a  method  for  the  more 
convenient  use  of  this  new  medicinal  agent.  After 
Bergman  became  acquainted  with  Priestley's  method 
of  impregnating  water  with  fixed  air,  which  he  adopted, 
there  is  in  his  later  work  a  union  of  the  two  lines 
of  investigation.  The  end  thus  attained  may  seem 
to  have  been  accidental  in  so  far  as  the  two  branches 
of  experimentation  were  pursued  with  different  aims. 
But  in  the  one  case  there  was  a  clear  purpose  to 
accomplish  the  imitation  of  natural  mineral  waters : 
a  consummation  which  must  assuredly  have  been 
ultimately  reached.  In  the  other  case  the  purpose 
was  to  afford  a  convenient  and  simple  means  of 
applying  what  was  thought  to  be  a  new  medicinal 
agent,  without  any  idea  pf  aiding  in  the  imitation  of 
mineral  waters.  That  Bergman  so  speedily  recognised 
the  value  of  Priestley's  method  is,  perhaps,  only  what 
might  have  been  expected  of  the  shrewd  Swedish 
philosopher. 

The  latter  half  of  the  eighteenth  century  will  always 
be  regarded  as  seeing  the  birth  of  chemistry.  Lavoisier 
and  his  famous  coadjutors  succeeded  in  establishing  the 
new  nomenclature  which,  together  with  the  proved 
elemental  character  of  some  substances,  provided  an 
indispensable  foundation  for  the  subsequent  brilliant 
theorising  of  John  Dalton.  Chemistry  and  the  manu- 
facture of  artificial  mineral  waters  may  be  considered 
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to  be  coeval,  and  the  early  workers  in  this  branch  of 
science  were  indebted  in  no  small  measure  to  the  labours 
of  the  physicians  who  pursued  their  researches  upon 
mineral  waters  in  the  twilight  of  the  dawning  day. 

After  it  was  found  possible  to  communicate  to 
chemical  solutions  intended  for  medical  purposes,  the 
effervescent  and  piquant  qualities  of  champagne  and 
cider,  it  was  not  long  before  a  successful  attempt  was 
made  to  extend  the  process  to  the  manufacture  of 
beverages  generally.  Indeed,  one  of  the  earliest  patents 
granted  in  the  last  century  was  for  a  process  of  aeration 
applicable  to  nearly  all  kinds  of  beverages.  The  full 
scope  of  the  possibilities  of  artificial  aeration  seems  to 
have  been  at  once  realised;  but  its  vast  industrial  and 
economic  importance  can  scarcely  have  been  foreseen. 
The  magnitude  of  the  trade  in  aerated  beverages  may 
be  gauged  in  some  measure  from  the  fact  that  in  the 
United  Kingdom  there  are  about  23,000  persons  directly 
engaged  in  their  manufacture.  And  it  is  stated  that 
indirectly,  that  is  to  say  in  branches  of  trade  more  or 
less  dependent  upon  the  mineral  water  industry,  as 
many  as  25,000  people  in  London  alone  are  employed. 
While  it  cannot  be  ascertained  what  number  of  bottles 
of  aerated  waters  are  actually  made  in  this  country,  it 
is  certain  it  must  be  very  large,  for  we  find  that 
something  like  1,000,000  dozens  of  bottles  are  exported 
annually,  and  the  imports  reach  the  great  number  of 
about  1,300,000  dozens. 
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Early  Speculations  and  Experiments 
upon  the  Composition  of 
Mineral  Waters. 

The  reverence  for  the  supposed  miraculous  properties 
of  so-called  holy  wells  has  remained  until  quite  recent 
times,  and  is  still  to  be  found  among  the  uncultured 
inhabitants  of  some  parts  of  the  globe.  This  superstitious 
regard  for  certain  springs  existed  in  Scotland  as  late 
as  1791,  for  Forbes  Leslie*  states  that  "numbers  of 
persons  in  search  of  health  ....  came  or  were 
brought  to  drink  of  the  waters  or  bathe  in  '  St.  Fillan's 
Well,'  at  Comrie,  in  Perthshire,  All  these  walked  or 
were  carried  three  times  deasil  (sunwise)  round  the 
well.  They  also  threw  each  a  white  stone  on  an 
adjacent  cairn,  and  left  behind  a  scrap  of  their  clothing 
as  an  offering  to  the  genius  of  the  place."  The  "kelpie," 
or  water  spirit,  is  still  the  subject  of  many  local  legends. 
The  supernatural  powers  attributed  to  many  of  these 
healing  waters  had  a  good  basis  in  the  now  proved 

*  Early  Races  of  Scotland^  quoted  in  Lubbock's  Origin  of 
Civilisation. 
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medicinal  properties  of  the  salts  which  they  contain. 
The  popular  estimation  of  these  wells  did  not  generate, 
in  the  minds  of  the  physicians  of  those  days,  a  super- 
cilious disregard  of  them,  as  might  well  have  been  the  case. 
On  the  contrary,  as  alchemy  with  its  alluring  ignis  fatuus 
of  the  philosopher's  stone  lost  its  hold  upon  the  enquiring 
minds  of  the  educated,  the  physicians  were  not  content 
merely  to  study  the  action  of  these  waters  upon  the  sick, 
but  proceeded  to  investigate  their  composition.  One  of 
the  earliest  of  these  enquirers  was  a  Paduan  of  noble 
family,  Michael  Savanorola,  who  was  physician  to  the 
Duke  of  Ferrara  ;  between  the  years  1440  and  1450  he 
wrote  a  treatise  upon  all  the  hot  baths  then  known  in 
Italy.  The  first  Englishman  to  deal  with  this  subject 
seems  to  have  been  Dr.  William  Turner,*  who  wrote  an 
account  of  the  Bath  waters  in  1560.  Shortly  afterwards, 
in  I572,*a  Dr.  Jones,  a  physician  of  Derby,  produced  a 
work  expounding  the  virtues  of  the  mineral  water 
springs  of  Buxton,  which  at  that  time  had  become  a 
place  of  great  resort  among  people  seeking  after  health. 
None  of  the  foregoing  writers  attempted  to.  deal  with  the 
composition  of  the  various  waters  described  by  them, 
neither  did  Jacob  Theodore,-f-  who  mentions  a  number 
of  German  mineral  waters  including  the  famous 
Seltzer  Water,  nor  Andrea  BacciJ  who  was  an  Italian 

*  Dr.  Turner  was  Dean  of  Wells  in  the  reign  of  King  Edward 
In  order  to  escape  the  severities  of  Queen  Mary's  rule  he  proceeded 
to  Germany,  where  he  acquired  a  knowledge  of  the  sciences,  which 
subsequently  made  him  famous  as  a  physician  and  a  botanist. 

t  Netce  Wasserschatz.    Frankfort,  1605. 

X  Septem  de  Thermis.    Rome,  1596. 


COMPOSITION  OF  MINERAL  WATERS  7 


physician.  It  is  not  until  the  middle  of  the  seven- 
teenth centur)^  that  we  meet  with  any  reference  to  the 
ingredients  of  natural  mineral  waters.  About  that  time 
a  rather  warm  controversy  took  place  between  Dr.  Thos. 
Guidott  and  Dr.  Joh.  Mayow  as  to  the  composition 
of  the  waters  of  Bath.  This  was  the  cause  of  the 
appearance  of  several  interesting  tracts  extending  over 
a  considerable  number  of  years.  Guidott,  in  one  of  the 
earlier  ones*  makes  a  shrewd  guess  as  to  the  character 
of  the  aerial  principle  contained  in  the  waters  when 
he  says  :  "  I  am  apt  to  believe  that  great  part  of  the 
acidity  is  breath'd  off  in  evaporation."  This  staunch 
defender  of  the  Bath  waters  employed  his  pen  pretty 
freely  in  this  cause,  and  published  also  "  De  Thermis 
Britannicis,"  and  "  An  Apology  for  the  Bath"  (1705). 

It  was  the  Honourable  Robert  Boyle  who  gave  the 
first  impetus  to  chemical  analytical  research.  In  1663-}- 
he  had  discovered  the  reactions  of  quite  a  number  of 
substances.  It  had  been  previously  known  that  syrup  of 
violets  acquires  a  red  colour  when  mixed  with  vitriolic 
acid  (sulphuric  acid)  or  with  lemon  juice  ;  but  Boyle 
ascertained  that  this  power  of  changing  the  colour  of 
syrup  of  violets  is  common  to  all  acids.  Among  other 
things,  he  mentions  that  solutions  of  copper  become  blue 
on  the  addition  of  volatile  alkali  (ammonia) ;  that  the 
colour  of  roses  is  destroyed  by  the  fumes  of  sulphur, 
and  that  their  colour  is  heightened  by  vitriolic  acid,  but 
this  latter  fact  had  also  been  discovered  by  Gassendi ; 


*  A  Discourse  of  Bathe  and  the  Hot  Waters  there.  1676. 
t  Experiments  touching  Colours.    Oxford,  1663. 
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that  silver  is  precipitated  from  its  acid  solutions  by  a  fixed 
alkali,  by  common  salt,  and  by  marine  acid  (hydrochloric 
acid),  but  not  by  the  volatile  alkali.  Shortly  afterwards 
(1665  to  1667)  Dominic  du  Clos,*  having  had  his 
attention  attracted  to  the  composition  of  mineral  waters, 
made  practical  use  of  the  tests  recommended  by  Boyle, 
and  attempted  to  examine  all  the  waters  of  France.  He 
also  made  use  of  several  other  reagents  for  the  first  time, 
such  as  infusion  or  powder  of  galls,  sulphate  of  iron,  and 
tincture  of  litmus.  After  the  distillation  of  the  waters 
he  examined  their  residues  by  means  of  the  microscope, 
and  made  experiments  upon  their  solubility.  There  was 
a  general  opinion,  which  had  been  held  for  some  time, 
and  was  maintained  by  Sebizius  and  ab  Heers,-|-  that 
the  acidulous  properties  of  waters  were  due  to  vitriol 
(iron  sulphate) ;  for  this  reason  a  considerable  amount  of 
importance  was  attached  to  the  reaction  which  a  water 
gave  with  the  powder  of  galls.  This  opinion  was 
contested  by  Le  Givre,|  who  attributed  the  acidit}-  to 
alum,  but  in  turn  this  was  contradicted  by  du  Clos.  In 
1680  Urbanus  Hierne  published  in  Sweden  some  experi- 
ments upon  this  subject.  In  opposition  to  du  Clos, 
he  considered  the  examination  of  the  residue  of  no 
importance,  and  thought  weighing  useless,  because,  in  his 
opinion,  volatile  matters  are  imponderable.  He  also 
protested  against  the  indiscriminate  use  of  galls  as  a 

*  An  account  of  his  work  was  published  in  Paris  in  1675,  and 
an  English  translation  appeared  in  1684. 

t  Traits  dcs  Eaux  dc  Spa.     E.  Nessel,  1699. 

\  Lc  Secret  des  Eaux  Mineral es  Acides. 
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criterion  for  medicinal  waters,  showing  that  many 
acidulous  waters  are  unaffected  by  it. 

A  contribution  to  the  progress  of  the  knowledge  of  the 
constituents  of  mineral  waters  was  made  by  Dr.  Lister,"^ 
in  1683  ;  he  wrote  a  review  of  the  information  then 
available,  and  attempted  a  discrimination  of  the  facts 
from  the  guesses  of  previous  authors.  Two  years  later 
Boyle  published  his  "  Short  Memoirs  for  the  Natural 
Experimental  History  of  Mineral  Waters."  He  pro- 
pounded a  scheme  which  even  at  this  day  seems  to  lack 
nothing  of  completeness  for  the  investigation  of  mineral 
waters.  It  consists  of  forty-seven  sections,  each  dealing 
with  one  method  of  examination.  They  are  arranged 
in  three  groups,  in  agreement  with  the  author's  view  that 
a  person  undertaking  a  research  upon  water  "  ought  to 
take  notice  of  those  particulars  that  relate  to  it  whilst  'tis 
under  the  ground.  Next  he  is  to  examine  the  properties 
and  other  qualities  of  it  when  'tis  drawn  up  by  men  at 
the  springhead,  or  other  receptacle.  Lastly,  he  is  to 
consider  the  operation  and  effects  of  it  upon  humane 
bodies,  whether  sick  or  sound,  according  to  the  several 
ways  and  circumstances  made  use  of  in  administering 
it."  The  last  section  is  : — "  Of  the  imitation  of  Natural 
Medicinal  Waters  by  chymical  and  other  artificial  wayes, 
as  that  may  help  the  Physician  to  guess  at  the  quality 
and  quantity  of  the  ingredients  that  impregnate  the 
Natural  Water  propos'd."  The  most  precise  directions 
are  given  for  the  application  of  the  various  tests  then 
known,  as  well  as  for  some  new  ones  which  are  described 


De  fontibus  medicatis  Anglice.    York,  1683. 
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by  Boyle  for  the  first  time.  In  commenting  upon  the 
difficulty  some  persons  had  in  discovering  the  acidity  of 
certain  waters,  he  mentions  that  he  finds  an  infusion  of 
lignum  nephriticuvi*  to  give  him  the  most  delicate 
indication. 

Boyle  went  a  step  beyond  Hierne  in  objecting  to  the 
general  application  of  galls  as  a  test  of  the  value  of 
a  water,  by  showing  that  it  cannot  be  relied  upon  to 
disclose  any  other  feature  than  that  the  water  is 
ferruginous.  •  As  instances  of  the  precision  with  which 
this  eminent  philosopher  prosecuted  his  researches,  men- 
tion may  be  made  of  his  method  of  making  colour  tests 
by  impregnating  sheets  of  white  paper  with  infusions  of 
logwood,  Brazil  wood,  etc.,  and  then  drying  them.  The 
application  was  made  by  letting  fall  upon  these  test 
papers  drops  of  the  solution  under  examination.  For 
taking  the  temperature  of  waters,  he  advises  the  use  of 
"  a  good  hermetically  sealed  thermoscope,  whereon  the 
degrees  of  cold  and  heat  are  carefully  marked  ;  "  and  for 
ascertaining  the  specific  gravity  he  made  a  small  glass 
flask,  "with  a  neck  as  large  as  a  goose  quill,  drawn  very 
even  into  a  hollow  cylinder  of  about  three  inches  long, 
and  fitted  at  the  top  with  a  little  gap  that  hindered  the 
water  from  ascending  above  the  due  height."  These 
methods  still  form  the  basis  of  modern  procedure  in 
their  several  branches  of  analytical  investigation.  The 
discovery  of  a  process  for  making  ammonium 
sulphide  solution  is  due  to  Boyle  ;  he  used  this  "  fuming 
liquor  "  for  the  detection  of  martial  vitriol  (iron  sulphate) 

*  Supposed  to  be  the  wood  of  Moringa  pterygosperma,  but 
there  is  no  evidence  in  proof  of  this. 
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and  cupreous  vitriol  (copper  sulphate).  Two  questions 
which  greatly  occupied  his  attention  were  the  detection 
of  arsenic  in  mineral  waters — a  question  which  he 
answered  within  certain  limits — and  the  nature  of  the 
salts  conferring  the  purgative  property  upon  such  waters 
as  those  of  Epsom  and  Barnet.  This  latter  he  did  not 
himself  solve,  but  it  was  answered  in  the  course  of  a  few 
years  by  Dr.  Nehemiah  Grew,  who  wrote  in  1697  "A 
Treatise  of  the  Nature  and  Use  of  the  Bitter  Purging 
Salt  contained  in  Epsom  and  such  other  Waters." 

The  mineral  waters  at  Epsom  were  discovered 
about  1 61 8  or  1620.*  For  the  first  ten  years  they 
were  only  used  by  the  country  people  for  external  appli- 
cation to  ulcers.  Lord  Dudley  North,  hearing  of  their 
virtues  and  being  under  a  course  of  medical  treatment 
which  included  the  drinking  of  the  German  Spa  waters, 
resolved  to  try  the  effects  of  the  Epsom  waters,  being 
under  the  impression  that  they  were  of  a  chalybeate 
nature.  "  However,"  says  Grew,  "tho'  they  answered  not 
his  desire  and  expectations  as  to  their  nature,  yet  he  did 
not  repent  of  his  experiment,  but  from  that  time  drank 
these  purging  waters,  as  a  medicine  sent  from  Heaven, 
with  abundance  of  success."  Thus  originated  what 
to-day  would  be  called  a  "  boom  "  in  Epsom  waters. 
Maria  de  Medicis  (mother-in-law  of  King  Charles  I.), 
the  Earl  of  Norwich,  and  many  other  aristocratic  people 
helped  to  set  the  fashion  of  sojourning  at  Epsom.  In 
the  time  of  Charles  II.  the  town  had  acquired  quite  a 
European  reputation.     Its  popularity  continued  in  great 

*  Gordon  Home.  Epsom  :  Its  History  and  Stcrroundings. 
London,  1901. 
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measure  until  the  introduction  of  sea-bathing,  when  its 
vogue  declined  very  considerably.  At  the  height  of  its 
prosperity  as  many  as  "  2,000  persons  have  been  there  in 
one  day  to  drink  or  divert  themselves."  Other  places 
having  similar  springs  lost  no  time  in  spreading  abroad 
accounts  of  their  healing  powers.  Among  these  were 
Barnet,  Acton,  Cobham  and  Dulwich.  Dr.  Grew 
carried  out  a  most  interesting  series  of  investigations, 
by  means  of  which  he  showed  that  the  bitter  salt  of 
these  waters  is  peculiar  to  purging  waters.  He  also  made 
clear  the  differences  between  this  new  salt  and  alum, 
common  salt,  nitre,  and  the  salts  of  lime.  Grew's 
researches  led  him  to  make  experiments  with  a  view  to 
finding  out  to  what  extent  the  salt  could  be  substituted 
for  the  Epsom  water.  The  objections  which  were  made 
by  some  persons  to  its  use  he  succeeded  in  answering 
satisfactorily,  and  showed  that  there  was  a  substantial 
advantage  to  be  gained  by  administering  it  in  place  of 
the  water,  because  there  was  no  need  to  overburden  the 
system  with  the  large  volume  of  liquid  which  had  to  be 
taken  to  obtain  the  full  medicinal  effect  of  the  water. 

Besides  the  aperient  springs  already  named,  many 
others  were  discovered  in  England  during  the  seventeenth 
century  ;  Dr.  Benjamin  Allen,  in  1699,*  mentioned 
about  seventeen  springs  of  this  nature,  and  about  ten 
having  chalybeate  properties.  Allen  indulges  in  some 
speculations  as  to  the  character  of  the  "  volatile  spirit  " 
which  is  contained  in  most  of  these  waters,  and  surmises 
that  it  is  "vitriolick."     This  view  was  by  no  means 


*  The  Natural  History  of  the  Chalybeat  and  Purging  Waters 
of  Eng/afid.      London,  1699. 
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original,  being  pretty  generally  held  at  that  time.  But  to 
Allen  is  to  be  ascribed  the  credit  of  being  the  first  to 
separate  a  salt  from  the  waters,  of  which  the  composition 
was  declared  with  certainty  ;  he  observed  a  substance 
composed  of  calcareous  matter  and  vitriolic  acid  (sulphuric 
acid)  and  called  it  selenite  (calcium  sulphate).  Previously 
du  Clos  had  spoken  of  a  substance  similar  to  gypsum, 
but  he  does  not  appear  to  have  done  more  than  merely 
note  the  similarity. 

While  the  seventeenth  century  may  be  said  to  have 
witnessed  the  birth  of  chemistry,  it  was  the  succeeding 
century  that  saw  it  attain  the  full  stature  of  a 
science.  Boyle's  perspicuous  views  upon  the  methods 
of  chemical  investigation,  as  applied  to  mineral  waters, 
led  to  an  increased  interest  in  their  composition, 
and  many  physicians  were  inspired  with  the  hope 
that  the  time  would  come  when  the  medicinal  action 
of  these  waters  would  be  foretold  simply  by  a  knowledge 
of  their  ingredients,  and  without  having  recourse  to 
experiments  upon  corpore  vile.  Of  this  number  was  that 
most  excellent  and  consummate  physician  and  curious 
chymist,"  Friderick  Hoffman,  whose  keen  concern 
in  everything  within  and  allied  to  the  domain  of 
medicine  forbade  his  passing  by  the  promising  field  for 
experimentation  which  mineral  waters  presented.  His 
various  essays  upon  this  subject  were  collected  into  one 
volume  and  published  at  Ulme  in  the  year  1726,  and 
subsequently  an  English  translation  was  made  by  Dr. 
Peter  Shaw  (1731).  This  work  gives  a  very  clear  survey 
of  the  knowledge  of  the  subject  at  the  beginning  of  the 
eighteenth  century.    Hoffman  regarded  these  waters  as 
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consisting  of  three  principal  parts:  (i)  "a  very  subtile 
matter — in  all  probability  an  extremely  moveable  or 
subtile  aither  ;  (2)  "  of  moisture,  or  what  for  distinction's 
sake  may  be  called  elementary  water;"  and  (3)  "of  a 
solid  body,  whether  of  an  earthy  or  saline  nature."  The 
first  of  these  was  still  thought  to  be  vitriolic  in  character, 
because  it  was  observed  that  after  the  gas  had  become 
dissipated  the  waters  lost  their  power  of  producing  a 
dark  colour  with  galls.  It  was,  no  doubt,  a  natural 
assumption  that  the  vitriolic  principle  resided  in  the 
gas,  seeing  that  the  indications  of  vitriol  were  not  given 
after  the  gas  was  lost.  Of  course,  the  truth  was  that  the 
substance  (iron)  which  gave  this  reaction  had  really  been 
precipitated.  Hoffman  ascribed  the  most  extravagant 
virtues  to  the  "  very  subtile,  active,  and  elastic  principle." 
"  This  noble,  native  spirit,"  he  says,  "  it  is,  which,  by  its 
penetrating  nature  and  admirable  faculty,  renders  itself 
perceptible  to  the  smell  and  the  sense ;  not  only 
affording  a  grateful  odour  in  its  exhalation,  but  also 
filling  the  whole  head  therewith."  "  This  principle 
we  take  for  their  [mineral  waters]  most  curious  and 
effectual  part,  or  as  it  were  the  soul."  He  further 
gives  it  as  his  opinion  that  it  is  "  a  portion  of 
the  universal  spirit,  the  fountain  and  cause  of  all  the 
particular  spirits  in  other  things,  whether  of  the  vegetable, 
animal,  or  mineral  kingdom."  While  he  encouraged  the 
hope  that  the  solid  constituents  of  mineral  waters  would 
be  ultimately  recognised,  he  thought  that  "  the  delicate 
nature  of  this  spirit  is  the  true  and  principal  cause  of 
the  great  difficulty,  even  by  the  utmost  address  of  art,  of 
preparing  waters  (in  a  chemical  way),  that  shall  perfectly 
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resemble  and  have  the  noble  virtues  of  the  natural,  hot, 
or  cold  medicinal  springs."  Up  to  this  time  the  sparkling 
waters,  because  of  their  piquant  and  acidulous  taste,  had 
been  called  acidulce,  although  some  writers  doubted  the 
appropriateness  of  the  term,  because  they  were  unable 
to  detect  the  acid  by  experimental  means.  Hoffman 
boldly  declared  that  the  name  was  an  improper  one,  as 
there  was  no  pure  acid  present  in  these  waters,  but  a  pure 
alkali  could  be  prepared  from  them.  He,  therefore, 
suggested  that  they  should  rather  be  called  alkalince. 
In  this  notion  he  was  supported  by  Dr.  Slare  and  Dr. 
Peter  Shaw.  It  is  to  Hoffman  that  the  Sedlitz  (Seidlitz  or 
Seydschutz)  spring  owes  its  fame,  having  been  brought 
into  notice  by  him  about  the  year  172 1.*  His  examina- 
tion of  this  water  resulted  in  the  discovery  in  it  of 
the  same  bitter  aperient  salt  which  Grew  had  found  in 
the  Epsom  spring.  Purgative  waters  were  not  at  all 
uncommon  in  England,  but  on  the  Continent  they  were 
quite  rare.  Therefore,  considerable  importance  was 
attached  to  Hoffman's  discovery,  more  especially  as  the 
aperient  salt  was  present  in  rather  larger  quantity  than 
in  the  Epsom  water.  The  salt  obtained  by  evaporating 
the  water  came  into  great  request  and  acquired  the  name 
of  Sedlitz  Salt,  just  as  in  this  country  it  had  received  the 
name  of  Epsom  Salt. 

The  popularity  of  chalybeate  waters  has  extended 
over  several  centuries.  The  celebrated  Spa  waters  were 
discovered  about  1326,  and  were  the  means,  as  in  many 
similar  cases,  of  bringing  prosperity  to  what  had  hitherto 

*  Examen  chymico-viedicitm  foniis  Sedliceiisis  ainari  in  Bohemia 
noviter  a  nobis  detecti.    Opera  omnia physico-medica.   Geneva,  1740. 
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been  a  most  insignificant  place  ;  but  no  serious  attempt 
to  describe  them  or  their  virtues  appears  to  have  been 
made  prior  to  17 17,  when  Dr.  J.  P.  Seip  wrote  his 
"  Descriptio  aquarum  Pyrmontanarum"  a  second  edition 
of  which  appeared  in  17 19,  and  a  third  in  1740.  A  very 
complete  account  of  them  appeared  in  English,  written 
by  Dr.  George  Turner  *  who  made  free  use  of  the  writings 
of  Nessel,  Stephens,  Chrouet,  Coquelet,  Bresmal,  abHeers, 
Gerinx,  and  others,  but  more  particularly  of  the  descrip- 
tion given  by  Dr.  Seip,  who  had  constantly  resided  and 
practised  at  the  wells  for  about  twenty  years.  In  1748 
F.  G.  P.  Seip-f-  (the  son  of  J.  P.  Seip),  published  a  further 
communication  upon  these  waters,  and  acknowledged  his 
indebtedness  to  Dr.  Turner.  The  conception  which 
these  authors  had  of  the  "spirit"  in  mineral  waters 
was  decidedly  more  advanced  than  that  of  Hoffman. 
They  brought  forward  many  arguments  to  show 
that  it  is  of  an  acid  nature,  and  maintained  that  this 
furnishes  an  adequate  reason  for  retaining  the  name 
acidulcs.  Further,  Turner  contended  that  it  is  the 
agent  which  holds  in  solution  the  ingredients  which 
are  deposited  upon  allowing  the  Pyrmont  water 
to  stand  exposed  to  the  atmosphere.  While  he 
inclined,  like  previous  authors,  to  consider  it  to  be  allied 
to  sulphur,  he  says  that  "  The  spirit  is  entirely  different 
from  the  common  spirit  of  sulphur  :  that  it  brings  along 
with  itself  a  subtilized  mineral  fat  {pinguedo)  wherewith 

*  A  full  and  distinct  account  of  the  Mittefal  JVatcrs  of  Pyrmont 
and  Spa.    Second  Edition.    London,  1834. 

t  Disscrtatio  inauguralis  Physico-cheinica  de  Spiritu  ct  Sale 
Aquarum  Mineralium  praseriim  Pyrmontanarum.  Gottingen,  1748. 


COMPOSITION  OF  MINERAL  WATERS  17 


it  was  mixed  underground,  whereby  it  is  made  more 
gentle,  delicate,  and  volatile  than  the  common  spirit  of 
sulphur  or  vitriol."  Both  Seip  and  Turner  recognised 
the  close  similarity  existing  between  the  noxious 
exhalations  of  caves  such  as  the  Grotto  del  Cane,  the 
gas  issuing  from  mineral  springs,  and  the  gas  produced 
by  fermenting  liquors.  The  evidence  they  produce  as  to 
the  comparative  effects  of  these  different  gases  is  so  clear 
as  to  leave  no  doubt  that  they  were  satisfied  that  they 
were  the  same  in  their  nature.  The  description  of 
Maximilian  Misson*  of  the  effects  of  the  vapours  of  the 
Italian  Grotto  upon  animals  is  compared  by  Seip  with 
the  description  of  Richard  Pocock-f*  of  the  effects  of  the 
vapours  of  the  Pyrmont  spring  upon  a  duck,  and  upon 
■a  young  man  who  had  incautiously  bathed  in  the  spring. 
Seip  also  tried  to  show  that  just  as  the  spirit  of  sulphur 
was  modified  in  these  Pyrmont  waters  by  its  union  with 
a  mineral  fat  while  passing  through  the  subterranean 
strata,  so  the  spirit  given  off  in  brewing  operations  also 
was  modified  by  a  fat  {pinguedo),  which  it  acquired  in 
the  process  of  fermentation. 

The  first  account  of  an  attempt,  as  far  as  can  be 
ascertained,  to  compass  the  complete  analysis  of  a 
mineral  water  is  given  by  Dr.  Chrouet,  who  had  a 
special  pewter  still  constructed  with  which  to  collect 
the  vapour  given  off  by  the  Spa  water.  This  piece 
of  apparatus  he  took  with  him  to  Spa  in  May,  1713, 
and  carried  out   investigations  which   convinced  him 


*  Nouveau  Voyage  en  Italic. 
t  Eescription  of  the  Easi^  1 744. 
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that  the  effervescing  principle  was  "  air  and  not 
combustible  spirits,"  and  that  it  was  of  such  a  nature 
as  to  be  able  to  enter  into  combination  with  the 
vegetable  alkali  (potash).  Its  acidity  was  so  clearly- 
established  that  he  refers  to  it  as  an  aerial  acid,  thus 
anticipating  Bergman  by  more  than  half  a  century. 
As  a  final  result  of  his  work  at  Spa,  he  formulates 
the  composition  of  Spa  water :  this  we  give  in  the 
quaint  phraseology  of  Turner's  translation  of  Chrouet's 
pamphlet : — "  Thus  a  bottle  of  this  water  comes  as  a 
medicinal  potion  ready  prepared  from  the  bosom  of  the 
earth,  being  composed  of  a  great  quantity  of  this  airy 
acid  lightly  stuck  to  our  salts,  sulphurs,  and  to  the  matter 
of  four  grains  of  Mars  divided  into  a  million  parts,  of  six 
grains  of  double  salt,  of  seven  and  a  half  grains  of 
inetallick  sulphur,  and  of  a  sample  of  a  sulphureous 
spirit:'* 

Among  those  whose  efforts  helped  to  elucidate  the 
composition  of  mineral  waters  during  the  first  half  of -the 
eighteenth  century  is  to  be  found  Boulduc,  who  published 
a  book  on  the  subject  in  1729,  in  which  he  advocated  the 
use  of  alcohol  as  a  fractionating  precipitant,  and  explained 
the  character  of  natron  (sodium  carbonate),  previously 
found  by  Hoffman  and  others  in  several  mineral  waters. 
Le  Roy  found  calcium  chloride  (1752),  and  Margraaf 

*  Dr.  Turner,  in  the  work  already  cited,  states  that  persons  desiring 
to  obtain  "  Pyrmont  Water  bottled,  sealed,  packed  up,"  can  obtain 
it  at  the  Mineral  Water  Warehouse,  in  St.  Alban's  Street,  near  Pall 
Mall.  The  trade  in  mineral  waters  must  have  been  of  great 
importance  at  this  early  date  to  warrant  anyone  engaging  in  it  to 
such  an  extent  as  to  have  a  place  devoted  entirely  to  the  sale  of 
them. 
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magnesium  chloride  (1759),  as  constituents  of  some 
waters. 

The  virtues  of  these  waters,  whether  chalybeate 
or  purgative,  were  still  attributed  chiefly  to  the  most 
mysterious  constituent  of  them,  namely,  the  effervescing 
principle.  It  is  not  surprising,  therefore,  that  physicians 
ardently  sought  to  fathom  its  nature  and  composition. 
In  the  year  1748  Dr.  Springsfield*  expressed  the  view 
that  this  elusive  substance  consisted  only  of  air,  because 
the  loss  of  what  he  assumed  to  be  air  always  caused  a 
turbidity  in  the  water. 

Venel'sf  celebrated  memoirs,  published  in  I750,J 
are  not  so  noticeable  for  the  record  of  his  experiments 
upon  the  volatile  principle  of  mineral  waters  as 
for  the  account  they  give  of  the  first  attempt  to 
make  a  rational  imitation  of  a  mineral  water.  Earlier 
workers  in  this  field  had  compounded  substitutes 
(see  Imitation  of  Natural  Mineral  Waters,  p.  24) ; 
but  Venel  was  the  first  to  make  an  imitation  in 
the  strict  sense  of  the  word.  His  experiments  to 
discover  the  character  of  the  so-called  elastic  mineral 
spirit  were  very  ingenious,  and  his  methods  were 
adopted  very  extensively  until  the  more  precise  methods 
of  Priestley,  Lavoisier,  Macquer,  and  de  Chaulnes 
were  published.  Reference  has  been  made  to  the 
method    which    Chrouet  adopted   for  separating  this 

*  Her  Medicwn  ad  Aquas  Spadanas. 

t  M.  Venel  was  a  professor  of  chemistry  in  the  University  of 
Montpellier. 

X  Me  moire  sur  PAttalyse  des  Eaux  de  Seliers  ou  de  Selis, 
17  SO. 
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spirit  by  distillation.  With  Chrouet's  researches  Venel 
was  familiar,  and  he  had  also  observed  the  views 
advanced  by  that  worker  as  to  the  role  of  the  aerial 
acid  (acide  a^rien).  Doubtless,  he  was  influenced  by  this 
knowledge  to  some  extent,  because  he  confesses  to  having 
always  had  a  belief  that  ordinary  air  was  the  cause  of  all 
the  phenomena  which  other  writers  ascribed  to  a  mineral 
spirit;  he  claimed  that  all  the  proofs  advanced  in  favour 
of  the  latter  were  equally  applicable  to  air.  His 
experiments  and  arguments  were  very  convincing  in  the 
prevailing  state  of  knowledge  at  that  time ;  but,  beginning 
with  an  assumption  that  air  was  the  cause  of  the 
observed  phenomena  in  mineral  waters,  and  placing  this 
theory  in  opposition  to  the  general  notion  that  the  agent 
was  volatile  sulphuric  acid,  when  he  did  succeed  in 
demonstrating  that  this  latter  body  was  not  present  in 
the  waters,  he  was  certainly  not  justified  in  considering 
his  own  theory  as  proved. 

Another  position  taken  up  by  Venel  was, 
however,  unassailable.  He  says  that  the  impossibilit}' 
hitherto  prevailing  of  imitating  mineral  waters  so  as 
to  produce  the  various  effects  and  manifestations  of  a 
contained  gas,  or  air,  had  established  the  belief  in  a 
spirit  of  the  waters.  Venel  abolished  the  apparent 
impossibility,  and  in  so  doing  proved  that  there  is  no 
mysterious  spirit  contained  in  the  waters.  This  worker 
realised  the  difficulty  which  confronted  him  with  regard 
to  the  loss  of  elasticity  which  air  sustains  when 
dissolved  in  water.  He  was  not  satisfied  to  evade  the 
difficulty  by  following  the  example  of  Marriotte  and 
Boerhaave  by  saying  that  it  was  no  longer  air,  but 
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"aerial  matter,  "or  "air  which  is  not  air;"  but  he  questioned 
whether  the  properties  of  fluidity,  elasticity,  and  expansi- 
bility were  really  essential  to  air,  and  stated  his  conviction 
that  his  experiments  upon  mineral  waters  showed  that 
the  solution  of  air  in  water  was  of  the  same  nature  as 
solutions  of  solid  substances.  Venel  proved  that  the  gas 
contained  in  mineral  waters  was  largely  in  excess  of  that 
found  in  ordinary  water;  for  this  reason  he  called  this 
excess  of  air,  which  gave  the  piquancy  and  brillianc)'  to 
waters  and  whose  loss  left  them  vapid  and  turbid, 
"  superabundant  air."  His  synthesis  of  a  mineral  water 
is,  however,  his  most  important  work.  Having  ascertained 
by  experiment  the  amount  of  salinity  characteristic  of 
Seltzer  water,  he  took  the  proper  quantity  of  the  sal 
soda  (sodium  carbonate)  and  a  sufficiency  of  marine 
acid  (hydrochloric  acid)  to  neutralise  it;  these  mixed 
with  the  water  in  a  closed  vessel  gave  him  an  aerated 
solution  which  stood  all  the  tests  to  which  he  had 
submitted  Seltzer  water.  From  this  artificial  mineral 
water  he  succeeded  in  separating  his  "superabundant 
air,"  and  by  this  separation  he  had  the  satisfaction  of 
seeing  that  the  lively  and  piquant  taste  was  entirely 
dispelled  just  as  in  the  case  of  the  natural  water.  This 
crucial  experiment  was  the  step  from  the  miraculous  to 
the  natural.  Henceforth  there  was  no  occult  union  of 
water  with  its  mysterious  spirit. 

In  1756  a  very  notable  book  was  written  by  Dr. 
C.  Lucas*  dealing  with  simple  waters  as  well  as  with 
medicated  waters  and  natural  baths.    This  apothecary 

*  An  Essay  on  Waters.     2  vols.     London,  1756. 
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was  a  most  able  controversialist,  and  acquired  some 
renown  for  his  dialectic  skill  and  the  pungency  of  his 
literary  style  in  his  controversy  with  Dr.  John  Rutty. 
He  warmly  combated  the  heresy  which  persisted  in 
denying  acid  properties  to  the  acidulce,  and  showed 
that  the  error  was  really  one  of  experiment,  as  he  had 
no  difficulty  in  demonstrating  the  acid  nature  of  the 
spirit  when  separated  from  mineral  waters  by  distillation. 
To  him  is  also  due  the  propagation  of  the  truth  that  the 
so-called  spirit  was  the  active  agent  in  preserving  in 
solution  the  substances  which  were  precipitated  when  the 
spirit  had  become  dissipated.  The  interest  in  this  subject 
was  by  no  means  lessening  at  this  time,  rather  was  it 
being  fostered  by  the  discussions  of  physicians  who  were, 
perhaps,  not  always  actuated  by  a  desire  for  the  advance- 
ment of  knowledge,  but,  in  some  instances  at  least,  by  a 
desire  to  exploit  the  wells  in  the  particular  neighbourhood 
with  which  they  were  associated.  "  A  Methodical 
Synopsis  of  Mineral  Waters"  (1757),  by  Dr.  John 
Rutty,  a  Dublin  physician,  and  Dr.  Lucas'  books,  the 
sparkling  repartee  of  which  made  them  such  good  reading, 
stimulated  enquiry  to  an  extent  which  has  certainly  never 
been  surpassed  in  this  country,  if  we  may  judge  by  the 
large  number  of  waters  enumerated  by  Rutty.  This 
writer  says  "  the  history  of  mineral  waters  has  not  been 
neglected,  but  amply  prosecuted,  especially  these  last 
hundred  years,  and  more  particularly  in  England,  where 
we  have  accounts  of  a  greater  number  and  variety  of 
waters  than  in  any  other  part  of  Europe,  owing,  perhaps, 
as  much  to  the  inquisitive  genius  of  the  people,  as  to  the 
greater  plenty  of  matter  afforded  by  the  country."  He 
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adopts  a  very  elaborate  system  of  classification,  and 
names  no  less  than  one  hundred  and  forty-seven  English 
waters  and  fifty-two  foreign  ones,  and  treats  of  their 
chemical  and  medicinal  properties. 

A  review  of  the  knowledge  gained  concerning  the 
composition  of  mineral  waters  up  to  this  time  shows 
that  they  contained  a  number  of  solid  substances  in 
very  various  proportions,  with  most  of  which  physicians 
were  already  acquainted ;  that  the  menstruum  was 
ordinary  water  ;  that  the  sparkling,  piquant  principle 
was  not  of  a  nature  altogether  too  subtile  to  elude 
chemical  analysis,  and  that  it  was  of  an  acid  nature  and 
had  the  property  of  holding  solid  matters  in  aqueous 
solution.  The  further  elucidation  of  the  chemistry  of 
medicinal  waters  was  not  to  be  brought  about  by  a 
direct  analysis,  but,  as  we  shall  see,  by  the  combination  of 
the  labours  of  several  experimentalists  and  philosophers 
working  in  different  parts  of  the  field  of  chemistry. 
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Imitation  of  Natural  Mineral 

Waters. 

It  hardly  seems  possible  to  trace  the  early  history 
of  imitations  of,  and  substitutes  for,  natural  mineral 
waters.  A  knowledge  of  man's  primitive  instincts 
leads  one  to  assume  that  almost  as  soon  as  the 
medicinal  virtues  of  natural  waters  became  known, 
attempts  would  be  made  to  find  substitutes  for  them. 
The  earliest  definite  information  is  found  towards 
the  close  of  the  seventeenth  century — a  period  which 
witnessed  the  decay  of  occultism  and  the  birth  of 
rationalism — in  connection  with  two  patents.  The 
chain  binding  "  then "  to  "  now "  may  be  a  long 
one,  but  the  links  are  wonderfully  alike.  The 
discoverer  of  medicines  then  was  just  as  eager  as 
his  successor  now  to  conserve  his  interests.  The 
earlier  of  these  two  patents  (No.  200)  was  granted  in 
1678  to  Sir  William  Jennings*  (or  Jennens)  and 
Charles  Stysted,  for  "  Erecting  certaine  Bainas  to  sweat, 
wash  and  bath  in,  &c."      It  appears  that  Jennings 

*  Sir  William  Jennings  served  in  both  the  English  and  French 
navies,  and  was  a  favourite  with  James  II.,  with  whom  he  left 
the  country  upon  the  arrival  of  William  of  Orange. 
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established  a  bagnio,  a  mineral  water  bath  and  a  spa 
in  Long  Acre,  and  an  account  of  this  establishment 
was  given  in  1683,  by  Dr.  S.  Haworth  in  "  A  description 
of  the  Duke's  Bagnio  and  of  the  mineral  bath  and  new 
Spaw  thereunto  belonging."  For  the  bath  and  spa  there 
was  used  artificially  prepared  water  to  resemble  natural 
mineral  water,  and  this  seems  to  have  been  Haworth's 
invention. 

To  Dr.  Nehemiah  Grew  was  granted  a  patent  (No. 
354)  in  1698,  for  "making  the  salt  of  the  purging 
waters,  &c."  He  obtained  this  by  the  evaporation 
of  the  Epsom,  or  Ebbisham,  mineral  water,  as 
described  in  the  pamphlet  published  in  1697,  and 
it  was  advertised  in  the  journals  of  the  day  as  the 
salt  of  Epsom  waters.  Hoffman  also  obtained  the 
same  substance  from  Seidlitz  water,  hence  it  acquired 
the  name  of  Seidlitz  salt  on  the  Continent.  The 
so-called  Seidlitz  powders  of  to-day  do  not  contain 
any  of  the  original  salt  (magnesium  sulphate),  but 
there  is  scarcely  any  doubt  that  they  derive  their  name 
from  it. 

In  the  seventeenth  century,  the  sal  polycJirestum 
was  a  favourite  remedy  for  constipation.  It  received 
the  name,  polychrestum,*'  because  of  its  use  both 
as  a  diuretic  and  a  purgative.  It  was  prepared 
by  heating  saltpetre  with  sulphur,  and  was,  therefore, 
a  more  or  less  impure  potassium  sulphate.  About 
1672,  Peter  Seignette,  an  apothecary  of  Rochelle, 
inadvertently    discovered    what    he    was   pleased  to 


Polychrestiim  Lat.,  ttoAds  and  ^prja-ros  Gr.  =  very  useful. 
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designate,  on  account  of  its  aperitive  properties,  a  new 
kind  of  sal  polyclirest,  although  in  some  of  his  writings 
it  is  referred  to  as  alkaline  salt  and  Rochelle  salt.  The 
method  of  manufacture  he  kept  a  close  secret*  Its 
success  as  a  medicine  was  very  considerable,  especially 
as  Seignette  obtained  the  help  of  Nicholas  Lemery  in 
spreading  the  fame  of  its  virtues.  This  celebrated 
chemist  states!  that:  "  Monsieur  Seignette,  whom  I  spoke 
of  before,  hath  put  in  use  a  certain  Sal  Polychrestuvi, 
which  seems  at  first  to  be  like  unto  this  [the  original 
Sal  Polychrestuin\  but  when  it  comes  to  be  examined 
there's  found  a  notable  difference,  as  well  in  the 
crystallizations  (and  when  it  is  thrown  into  the  fire)  as 
in  the  effects :  for  whereas  six  drachms  of  this  sort 
taken,  as  I  have  said,  do  cause  gripes  in  pricking  the 
membranes  of  the  stomach,  that  of  Mons.  Seignette 
in  the  same  quantity  doth  purge  very  gently  without 
any  gripes  at  all,  as  he  proves  in  a  little  Treatise  that 
he  hath  made  touching  the  uses  of  this  Polyc/westum, 
and  the  truth  of  it  I  have  found  myself  in  several 
persons.  The  composition  of  this  salt  is  known  to 
none  but  himself,  who,  having  given  it  a  reputation  in 
the  chiefest  towns  of  France,  hath  left  some  quantity 
of  it  with  me  to  distribute  and  make  use  of  here 
in  Paris." 


*  The  composition  of  this  Sel  de  Seignette  was  discovered 
in  1731,  by  Boulduc  and  Geofifroy,  to  be  the  double  tartrate  of 
potassium  and  sodium. 

t  A  Course  of  Chymisiry.  Third  edition  translated  from  the 
Eighth  edition  in  the  French.  London,  1698.  The  first 
edition  of  Lemer^s  Cours  de  Chytnie  appeared  in  Paris,  in  1675. 
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Epsom,  or  Seidlitz,  salt  and  the  Rochelle  salt, 
therefore,  seem  to  have  been  discovered  about  the 
same  time,  and  when  the  advantages  of  the  latter 
became  known,  it  is  not  surprising  that  it  should  have 
been  preferred  as  a  saline  aperient.  The  popular 
effervescing  powders,  patented  by  T.  F.  Savory,  in 
1 81 5,  under  the  name  of  Seidlitz  powders,  because 
they  possess  the  properties  (not  the  ingredients)  of 
the  water  of  the  Seidlitz  spring,  have  as  their  chief 
constituent  Seignette's  Rochelle  salts.  Thus  this 
salt  was  almost  the  first,  and  it  remains  to-day  one  of 
the  most  generally  used,  of  the  substitutes  for  natural 
mineral  waters. 

Although  some  of  the  early  imitations  of  natural 
mineral  waters  would  be  accepted  to-day  with 
approbation,  there  were  others  which  would  hardly 
commend  themselves  for  general  use.  Lemery  gives 
prescriptions  for  two*  which  illustrate  this  remark, 
as  will  appear  from  the  following  translation  : — "  A 
very  beneficial  mineral  water  can  be  made  by  dis- 
solving six  drachms  of  sel  vegetal  [soluble  tartar, 
that  is,  the  neutral  tartrate  of  potassium]  in  a  pound 
and  a  half  of  water,  to  be  drunk  in  the  morning, 
fasting,  a  glassful  being  taken  every  quarter  of  an 
hour  while  the  patient  is  taking  walking  exercise." 
The  following  is  not  quite  so  unobjectionable,  and 
bears  the  full  impress  of  the  antique  : — "  An  aperitive 
water  may  be  made  by  dissolving  eight  or  nine  grains 
of  gilla  vitrioli,   or   vitriol  vomitif  [zinc  sulphate],  in 


*  Cours  de  Chymie. 
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two  pounds  of  common  water."  A  modern  French 
writer*  on  mineral  waters  has  claimed  that  the  two 
foregoing  recipes  are  for  the  manufacture  of  effervescing 
soda  water  and  for  a  chalybeate  water.  He  has  been 
led  into  error  concerning  the  latter  by  his  assumption 
that  gilla  vitrioli  is  iron  sulphate  ;  but  why  he  should 
consider  that  a  solution  of  soluble  tartar  would  form 
an  effervescing  mixture  is  not  evident,  because  there  is 
not  a  single  word  to  lead  anyone  to  suppose  that  the 
salt  is  to  be  formed  at  the  time  of  making  the  draught. 
On  the  contrary,  the  directions  are  distinctly  given  for 
a  definite  weight  of  the  salt,  and  not  for  the  components 
to  form  the  salt.  Apart  from  Lemery's  prescriptions, 
there  is  plenty  of  contemporaneous  evidence  to  show 
that  effervescing  mixtures  were  not  in  use  as  artificial 
mineral  waters.  A  quotation  from  Tournefort's  Materia 
Medical  will  furnish  a  fair  selection  of  formulae  then 
in  ordinary  use  :  — 

"Among  the  artificial  mineral  waters,  there  is  never  a  one 
of  equal  force  with  the 'natural  mineral  waters,  yet  in  the  want 
of  them,  the  vegetable  water,  made  of  Nitre,  Cream  of  Tartar 
and  Salt  Armoniack,  dissolved  in  Water,  ought  to  be  preferred 
to  Vitriolick  or  Aluminous  Waters,  that  are  apt  to  gripe  and 
stir  up  Nauseousness. 

R.  Of  Vegetable  Salt  gss,  dissolve  it  in  ft  iv.  of  warm 
Water,  and  drink  it  in  the  Morning,  walking  an  hour  after. 

Vegetable  salt  is  made  by  dissolving  in  a  sufficient 
quantity  of  fair  water  one  part  of  the  Salt  of  Tartar,  and  two 


*  J.  Hermann-Lachapelle.    Des  Boissons  Gazeuses.  1874. 

t  Materia  Medica  with  an  Appe7idix  showing  the  Nature  and 
Use  of  Mineral  Waters.  Written  originally  by  the  learned 
Monsieur  Tournefort,  Botanist  to  the  French  king.  Faithfully 
translated  into  English.  The  second  Edition  corrected.  London,  1 7 1 6. 
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parts  of  the  Cream,  filter  the  Solution,  and  evaporate  it,  and 
you  will  obtain  a  salt  called  Vegetable  Salt. 

R.  Of  Nitre  depurated  3ij,  dissolve  it  in  one  pint  of 
fair  water,  and  drink  it  by  cupfuls  in  the  space  of  one  day, 
for  the  inflammation  of  the  urinary  passages. 

R.  Of  Chrystal  Mineral  5ss,  of  the  Salt  of  Lead  gr.  ij, 
dissolve  them  in  three  pints  of  water,  and  drink  it  by  cupfuls 
to  qualify  the  heat  of  the  bowels. 

R.  Of  Cream  of  Tartar  ft)ss,  of  Nitre  gij,  of  Salt  Armoniack  3j, 
dissolve  them  in  two  pints  of  water,  adding  of  the  Spirit  of 
Sulphur  OSS,  take  it  by  cupfuls  in  continual  and  intermitting  fevers, 

R.  Of  Salt  Armoniack  depurated  5],  of  the  Syrup  of  Raspberries 
ftss,  dissolve  them  in  tbxij  of  water,  taking  it  instead  of  ordinary 
drink,  in  the  Dropsy  and  Green  sickness. 

An  excellent  Mineral  Water  is  thus  prepared  : 

R.  Of  Salt  Armoniack  and  Quick  Lime,  of  each  equal  parts, 
melt  them  in  a  crucible  by  the  help  of  a  strong  fire,  and  pour 
out  the  liquor  upon  a  marble  stone,  setting  it  in  a  cellar  until 
it  dissolve,  and  then  filter  it  thro'  cap  paper.  Pour  ibxij  of 
fair  water  upon  oj  of  this  liquor,  drinking  to  the  quantity  of 
two,  three  or  four  cupfuls  of  it  every  day,  if  necessity  so 
require." 

The  foregoing  were  not  used  by  physicians  under  an 
impression  that  these  solutions  were  really  imitations 
of  natural  mineral  waters  ;  they  were  content  to  use 
them  simply  as  substitutes,  many  of  them  believing 
that  the  natural  waters  were  inimitable.  Boyle, 
who  was  "  not  sway'd  by  the  authority  of  the  ancients 
in  this  enquiry,"  but  was  possessed  of  the  true  spirit 
of  philosophy  which  indulges  in  visions  out  of  the 
range  of  the  so-called  practical  man,  saw  that  chemical 
science  would  not  only  ultimately  spy  out  the  secrets 
of  natural  medicinal  waters,  but  also  that  it  was 
necessary  for  the  intelligent  use  of  them  that  medical 
men  should  be  informed  of  their  composition.  His  views 
as  to  the  value  of  synthesis  in  chemical  philosophy, 
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and  of  chemical  science  to  the  physician,  are  clearly 
revealed  in  the  heading  of  a  section  in  his  essay  on 
natural  mineral  waters  : — "  Of  the  imitation  of  Natural 
Medicinal  Waters,  by  chymical  and  other  artificial  vvayes, 
as  that  may  help  the  Physician  to  guess  at  the  quality 
and  quantity  of  the  ingredients  that  impregnate  the 
Natural  Water  propos'd."  Of  those  who  cherished  a 
hope  that  natural  waters  would  be  successfully 
imitated  was  Hoffmann ;  he  was  confident  that  the 
difificulties  connected  with  the  analysis  and  the 
synthesis  of  the  solid  constituents  would  be  overcome, 
and  his  doubts  about  the  incorporation  of  the  so-called 
"  mineral  spirit "  were  not  great,  for  he  thought  "  that 
this  spirit,  or  something  like  it,  may  be  introduced  by 
art."  He  made  an  attempt  to  imitate  the  aerated 
waters  by  mixing  together  some  alkali  and  acid  ;  but 
it  was  frustrated  by  his  agitation  of  the  vessel 
to  favour  the  union  of  the  ingredients,  the  result 
of  this  action  being  to  dissipate  the  gas. 

The  first  clear  intimation  of  the  artificial  aeration 
of  water  is  found  in  Brownrigg's  paper,  read  in 
1 74 1.  Although  no  details  of  his  process*  are  to 
be  found,  to  him  belongs  the  credit  of  first  accomplishing 
this  important  work,  as  well  as  of  being  the  earliest 
to  demonstrate  the  identity  of  carbonic  acid  gas  in 
mineral  waters  with  that  from  various  other  sources. 

* "  The  processes  which  he  used  for  these  respective  purposes 
cannot  be  ascertained  with  accuracy  at  this  distance  of  time  ; 
and  the  experiments,  which  are  related  in  papers,  yet  in 
existence,  though  never  pubHshed,  cannot  on  the  present  occasion 
be  communicated  to  the  world."  Dixon's  The  Literary  Life 
of  Win.  Brownrigg,  M.D.,  F.R.S.^  iSoi. 
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The  method  described  by  Venel  in  1750,  consisted 
in  adding  to  water  a  quantity  of  soda  sufficient  to 
communicate  to  it,  when  mixed  with  the  proper 
proportion  of  hydrochloric  acid,  the  amount  of  saHnity 
previously  found  to  be  characteristic  of  Seltzer  water. 
Venel,  warned  by  Hoffman's  failure  and  by  his  own 
experiments  in  extracting  the  gas  from  aerated  waters, 
exercised  great  care  not  to  drive  off  the  gas,  and  he 
succeeded  in  obtaining  a  fairly  close  imitation  of  Seltzer 
water. 

By  impregnating  water  with  carbonic  acid  gas, 
obtained  from  fermenting  liquors  and  also  from 
carbonated  alkalis  by  means  of  acid,  and  then 
submitting  to  its  action  iron  filings,  Lane  produced  a 
chalybeate  water  resembling  that  of  Spa.  Subsequently 
similar  results  were  obtained  by  Rouelle. 

Sustained  systematic  study  of  the  composition  of 
natural  medicinal  waters  was  not  prosecuted  before 
Bergman  embarked  upon  his  elaborate  researches, 
which  were  undertaken  from  both  the  utilitarian  and 
scientific  points  of  view.  He  collated  all  the  published 
information  then  available,  drew  up  a  scheme  of 
analysis,  classified  the  constituents  of  the  waters,  made 
analyses  of  all  the  best  known  mineral  springs,  and, 
lastly,  confirmed  his  analyses  by  making  imitations  of 
the  various  waters.  The  reasons  given  by  him  for 
undertaking  this  work  are  best  stated  in  his  own 
words*  : — 


Physical  and  Chemical  Essays.  Translated  by  Edmund 
Cullen,  London,  1788. 
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"In  the  year  1770,  being  attacked  by  a  severe  haemorrhoidal 
colic,  I  was  obliged  to  take  above  eighty  bottles  of  foreign 
medicated  waters.  By  these  the  symptoms,  which  were  attended 
with  excruciating  pain,  were  somewhat  mitigated  ;  in  the  meantime, 
I  examined  the  nature  and  principles  of  these  waters  with  the 
greatest  attention,  as  I  most  earnestly  wished  to  imitate  them 
perfectly  ;  for  besides  their  extreme  deamess  in  this  country, 
the  beginning  of  spring,  when  not  only  diseases,  the  foundations 
of  which  have  been  laid  during  the  severity  of  the  winter, 
prevail  very  much,  but  my  complaints  are  also  particularly 
troublesome,  these  waters  cannot  be  had  fresh  and  good  at 
any  price.  I  soon  reaped  the  wished-for  fruit  of  my  labours, 
for  in  the  year  following  I  substituted  the  artificial  to  the  natui^al 
waters,  and  not  only  used  them  myself  with  signal  advantage, 
but  gave  them  to  many  of  my  friends  with  like  success.  All 
that  time  I  used  the  method  above  described  for  impregnating 
water  with  fixed  air  [see  page  67]  ;  but  in  the  year  1773,  I 
learned  Dr.  Priestley's  method,  which,  with  a  little  alteration, 
I  have  since  continued  to  practice.  The  same  year,  in  a  short 
Treatise  on  the  Aerial  Acid,  which  the  Royal  Academy  of 
Sciences,  at  Stockholm,  inserted  in  their  Acts,  I  mentioned  in  a 
cursory  way  that  I  had  for  some  time  prepared  for  myself  and 
some  of  my  friends  artificial  medicated  waters  entirely  resembling 
the  natural  waters,  both  in  flavour  and  virtue.  The  celebrated 
Baer,  who  then  lived  in  Paris,  took  the  opportunity  of  writing 
to  my  friend,  Mr.  Wargentin,  requesting  me  to  describe  the 
method  I  pursued.  This  I  complied  with  by  sending  a  Treatise 
on  that  subject  to  the  Royal  Academy  of  Sciences,  at  Stockholm, 
in  1774,  which  they  inserted  in  their  Acts  for  the  following 
year." 

The  fundamental  character  of  Bergman's  work  is 
attested  by  the  fact  that  it  became  the  basis  of 
succeeding  research  upon  the  imitation  of  natural  mineral 
waters.  As  chemical  knowledge  has  advanced,  the 
number  of  constituents  found  in  the  waters  has 
gradually  increased,  and  the  quantities  have  been 
determined  with  greater  precision,  but  the  main 
facts    set    forth    by    him    have    not    been  shaken. 
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The  importance  of  the  labours  of  this  chemist 
was  recognised  at  once,  and  in  this  country  his 
papers  were  translated  by  Dr.  Edmund  Cullen,  and 
his  paper,  De  Analyst  Aquarunil'  was  also  translated 
by  Dr.  William  Withering*  who  himself  prepared 
imitations  of  Spa,  Pyrmont  and  Seltzer  waters,  and 
devised  an  apparatus  for  the  aeration  of  water  with 
carbonic  acid  gas. 

The  ultimate  stage  of  the  evolutionary  process, 
namely,  the  commercial  one,  was  at  last  developed  by 
F.  A.  Struve,t  who,  in  consequence  of  personal  suffering, 
imitated  Carlsbad  and  Marienbad  waters  so  successfully 
as  to  confer  great  benefit  upon  himself  and  his  friends. 
In  1820  he  opened  an  establishment  at  Dresden  for 
the  manufacture  and  sale  of  his  factitious  waters  ;  this 
proved  so  satisfactory  that  he  established  others  at 
Leipzig,  Berlin  and  Brighton. 

The  artificial  mineral  waters  possess  advantages 
over  the  natural  ones  in  so  far  that  the  ingredients  can 
be  used  of  uniform  quality  and  in  unvarying  proportions. 
Bergman  and  de  Haen  ascertained  that  the  constituents 
of  natural  waters  vary  according  to  climatic  and  other 
conditions.      The  latter  for  several  successive  years 


*  Dr.  Withering  was  the  discoverer  of  barium  carbonate,  whose 
name  it  perpetuates  in  the  form  of  "  Witheringite."  Together 
with  Dr.  Priestley,  Watt  and  other  philosophers,  he  was  a 
member  of  the  celebrated  Lunar  Society  at  Birmingham.  It 
was  from  him  that  Priestley  seems  to  have  first  received  his 
inspiration  to  investigate  the  nature  and  properties  of  phlogiston. 

t  Frederic  Adolphus  Struve  was  born  in  1781,  and  died  in 
1840. 
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analysed  the  waters  in  the  neighbourhood  of  Vienna 
and  never  found  them  to  contain  the  same  substances 
in  the  same  proportions.  The  larger  amount  of  carbonic 
acid  gas  with  which  the  artificial  waters  can  be 
impregnated  makes  them  more  palatable  than  the 
natural  ones.  In  consequence  of  this  it  is  not 
uncommon  to  artificially  aerate  the  so-called  natural 
waters,  and  other  ingredients  are  frequently  added 
to  fortify  aperient  waters.  There  is  no  doubt 
such  a  strong  prejudice  in  favour  of  natural  medicinal 
waters  that  one  which  is  frankly  factitious  has  ver}' 
small  chance  of  acceptance  either  by  the  medical 
profession  or  by  the  public.  It  must  be  admitted  that 
there  is  ground  for  this  prejudice,  because  manufacturers 
in  too  many  cases  are  content  to  prepare  these 
artificial  products  with  only  the  grosser  constituents 
of  the  spring  they  profess  to  imitate,  and  neglect 
the  constituents  which  are  present  in  smaller 
proportions.  It  may  be  that  this  procedure  is 
justifiable  if  only  the  evident  medicinal  effects  are 
considered  ;  but  experience  shows  that  quantities  of 
ingredients  too  small  to  produce  such  effects  will,  however, 
very  greatly  modify  and  improve  the  appearance  and 
flavour  of  the  waters,  and  these  are  matters  of  no 
small  moment  to  the  medical  practitioner  and  his 
fastidious  patients.  It  is  possible  to-day  to  obtain, 
by  mechanical  and  other  means,  water  of  as  great 
chemical  and  bacterial  purity  as  any  natural  water 
from  the  deep  springs.  With  this  as  a  solvent 
for  the  constituents  which  are  requisite  for  producing 
the  desired  medicinal  effects,  and  for  the  production 
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of  a  satisfactory  flavour  and  appearance,  there  can 
be  produced  artificial  mineral  waters  at  least  quite 
equal  to  the  natural  ones,  which  latter  are  not  always 
strictly  natural  by  the  time  they  reach  the  consumer's 
hands. 


36 


Discovery  of 
the  Properties  and  Composition  of 
Carbonic  Acid  Gas. 

Prior  to  the  time  of  Paracelsus  it  was  recognised 
that  an  elastic  matter  was  separated  from  substances 
by  means  of  heat,  fermentation  and  effervescence,  to 
which  was  given  the  name  of  spiritus  silvestris. 
Paracelsus  and  some  of  his  contemporaries  regarded 
this  emanation  as  being  identical  with  the  air  we 
breathe ;  but  a  disciple  of  his,  V an  Helmont,  was 
of  a  different  opinion,  and  undertook  a  series  of 
investigations  which  convinced  him  that  this  elastic 
matter  was  of  an  altogether  different  nature  from 
ordinary  air.  To  it  he  applied  the  entirely  new 
name  of  gas*  and  defined  it  as  an  incoercible  vapour, 
which  could  neither  be  rendered  visible  nor  collected 
in  vessels.  Some  substances,  he  says,  are  converted 
into  gas  almost  entirely,  but  it  is  not  actually  con- 
tained in  them  in  the  form  in  which  it  is  separated, 

*  Suggested  to  Van  Helmont  by  the  Greek  y6.o<i : —  "  halititm 
ilium  Gas  vocavi,  noti  longe  a  Cliao  veterum  secrcium."  Oftus 
MedicincE.    Edition  1652. 


FME,]S'CM-Ij.EMOmam-3IMRCIIAJS' 

Caricature  of  a  French  Lemonade  Seller  in  the 
Eighteenth  Century* 
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but  it  is  contained  in  a  concrete  form  as  if  fixed 
or  coagulated.  From  all  fermenting  substances  and 
from  a  large  number  of  other  bodies  Van  Helmont 
obtained  this  gas,*  and  ascertained  that  in  all  cases  it 
caused  suffocation  in  animals.  From  this  fact  he  assumed 
that  the  vapours  given  off  by  fermenting  liquids,  by 
burning  vegetables  and  charcoal,  by  burning  gun- 
powder, and  from  earths  and  metallic  substances  when 
in  effervescence  with  acids,  were  identical  with  the 
deadly  exhalations  of  mines  and  of  the  Grotto  del 
Cane.  He  applied  his  views  so  as  to  explain  the 
formation  of  flatus  in  the  animal  economy,  which  he 
considered  to  be  gas  set  free  by  the  decomposition 
of  food.  His  arguments  and  experiments  led  him 
to  believe  that  this  matter  is  different  from  the  air 
which  we  breathe,  and  he  ascertained  that  it  certainly 
has  a  greater  affinity  for  water.  Although  Van 
Helmont  himself  does  not  appear  to  have  known  that 
these  vapours  extinguish  flame,  this  was  well  known 
to  other  chemists  of  his  day.  The  conjectures  then 
prevalent  as  to  the  composition  of  the  various  vapours 
gathered  together  under  Van  Helmont's  na:me  of  gas 
are  simply  historical  curiosities,  but  we  gather  from 
them  that  the  vapours  were  generally  regarded  as 
being  very  different  from  ordinary  air,  and  the  guesses 
made  probably  furnished  valuable  indications  to  workers 
of  a  later  generation. 

Boyle,  whose  newly-invented  instruments  greatly 
improved  the  methods  of  research,  traversed  the  ground 


*  Tractatus  de  Flattbies. 
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over  which  Van  Helmont  had  preceded  him  in  investi- 
gations upon  vapours,  and  repeated  all  the  experiments 
of  the  latter  in  vacuo,  at  the  ordinary  atmospheric 
pressure,  and  under  increased  pressure.*  The  most 
important  result  of  his  work,  and  an  altogether  unex- 
pected one,  was  that  these  factitious  or  artificial  airs, 
as  he  called  them,  can  be  collected  in  an  unmixed 
condition  and  possess  the  properties  of  weight,  elasticity 
and  transparency  in  common  with  ordinary  atmospheric 
air.  In  addition  to  confirming  Van  Helmont's  obser- 
vations upon  the  effects  of  these  vapours  upon  animals, 
he  recognised  that  they  are  not  all  of  the  same 
nature. 

In  1738  and  1740  there  appeared  two  volumes  by 
Dr.  Stephen  Hales,t  which  laid  the  foundation  of  exact 
research  in  the  domain  of  pneumatics.  Previous  to 
this  time  no  attempt  had  been  made  to  ascertain 
the  quantity  of  gas  which  could  be  obtained 
from  various  substances.  With  a  view  to  making 
good  this  deficiency,  Hales  entered  upon  a  wonderful 
series  of  experiments,  which  he  recorded  in  his 
"  Statical  Essays  "  as  "  a  specimen  of  an  attempt  to 
analyse  the  air  by  a  great  variety  of  chemico-statical 
experiments."  Operating  upon  vegetable,  animal  and 
mineral   substances   by   distillation,    combustion  and 

*  Coniinuatio  novorum  experimetitorum  physico  inechanicorum 
de  gravitate  et  elatere  aeris. 

t  This  justly  celebrated  philosopher  was  a  doctor  of  divinity, 
as  were  several  others,  including  Dr.  Joseph  Priestley,  who  in 
the  early  days  of  science  were  enamoured  of  the  goddess  of 
knowledge. 
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fermentation,  and  by  making  numerous  solutions  and 
chemical  combinations  he  obtained  very  varying 
quantities  of  elastic  fluids,  which  were  thought  by  him 
to  partake  of  the  nature  of  air.  This  idea  was 
confirmed  in  him  by  his  attempt  to  determine  the 
specific  gravity  of  air  which  he  had  separated  from 
tartar,  for  he  found  it  to  be  practically  the  same  as 
that  of  ordinary  air.  It  did  not  escape  his  notice 
that  while  ordinary  atmospheric  air  maintained  the 
respiration  of  animals,  much  of  that  which  he 
produced  by  artificial  means  was  quite  unfit  for  this 
purpose ;  but  he  ascribed  its  noxious  qualities  to 
impurities,  which  he  succeeded  in  many  cases  in 
filtering  out  by  passing  the  air  through  flannel  saturated 
with  a  solution  of  salt  of  tartar  ;  the  air  when  passed 
through  this  filter  was  found  to  be  quite  fit  for 
respiration.  In  this  instance  the  experimenter,  having 
to  operate  upon  a  mixture  of  gases  whose  complexity 
he  did  not  in  the  least  suspect,  came  to  a  conclusion 
which  the  experiment  did  not  warrant.  Hales  was 
puzzled  to  account  for  the  diminution  in  volume  of 
some  of  the  vapours  when  they  were  stored  over 
water  ;  this  we  now  know  to  be  due  to  the  solubility 
in  water  of  the  carbonic  acid  gas  in  them.  How  near 
he  was  to  discovering  that  he  was  really  dealing 
with  a  mixture  of  gases  may  be  judged  from  the 
fact  that  he  observed  when  the  different  kinds  of 
air  were  passed  through  water  a  second  time  they 
experienced  no  further  reduction  in  volume. 

To  Hales  we  are  indebted  for  two  statements  which 
are  of  great  importance,  because  they  were  the  germs 
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which  were  to  bear  fruit  in  the  researches  of  Vend, 
Black,  Brownrigg,  Priestley  and  Lavoisier.  In  recording 
his   experiment   LXVI.,   he   states  : — 

"  I  found  very  little  air  in  54  cubicle  inches  of  Brafidy,  but  in 
a  like  quantity  of  Well-water  I  found  one  cubicle  inch.  And  it 
was  the  same  in  a  like  quantity  of  Bristol  hot  well  water,  and  of 
Holt  water.  In  Piermont  water  there  is  near  twice  as  much  air 
as  in  rain  or  common  luater^  which  air  contributes  to  the  briskness 
of  that  and  many  other  mineral  waters." 

Here,  then,  is  a  clear  indication  that  Pyrmont 
water  yielded  a  larger  proportion  of  air — to  which 
Hales  attributed  its  sparkling  properties — than  ordinary 
water.  Venel,  as  we  have  already  seen,  considered  that 
the  aerating  principle  of  mineral  waters  was  really  a 
superabundance  of  atmospheric  air.  His  inspiration  was 
no  doubt  obtained  from  Hales'  work,  as  he  was  not  only 
acquainted  with  his  writings  but  adopted  some  of  his 
methods  for  the  abstraction  of  air  from  Seltzer  water. 
The  other  statement  which  was  to  reach  fruition  in 
Dr.  Black's  investigations  is  even  more  noteworth\-. 
In  summing  up  the  results  of  his  researches,  Hales 
says  : — 

"  But  though  a  good  part  of  the  air  which  thus  arises  from 
fluids  seems  to  have  existed  in  an  elastic  state  in  those  fluids, 
yet  the  air  which  arises  from  solid  bodies,  either  by  the  force 
of  fire  or  of  effervescence,  does  not  seem  to  arise  only  from 
the  interstices  of  those  bodies,  but  principally  from  the  most 
fixed  part  of  them." 

He  also  believed  that  this  air  in  some  manner  is 
the  universal  cement  or  bond  of  matter.  Dr.  Black's 
notion  of  fixed  air  was  plainly  supplied  b\'  the 
recorded  views  of  Hales,  as  was  also  Macbride's 
hypothesis  of  a  cementing  substance  in  nature,  upon 
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which  he  based  his  researches  upon  the  antiseptic  and 
medicinal  properties  of  fixed  air. 

Dr.  Hales'  investigations  and  the  inferences  he 
drew  from  them  met  with  the  warm  approbation  of 
Boerhaave,  who  considered  that  the  subject  had  been 
exhausted  by  his  predecessor.  In  this,  however, 
he  exhibits  his  own  modesty,  because  he  certainly 
improved  upon  Hales'  methods  in  some  respects, 
particularly  in  that  he  did  not  allow  the  separated 
gases  to  come  into  contact  with  water  ;  he  used  an  air 
pump  receiver  of  known  capacity  and  carried  on  his 
operations  in  a  vacuum  ;  and  he  judged  of  the  quantity 
of  air  produced  with  the  help  of  a  barometer.  Still,  it 
is  true  that  his  experiments  only  confirmed  those  of 
Hales,  and  did  not  amplify  them. 

To  J.  P.  Seip  seems  to  be  due  the  credit  of 
producing  evidence  to  show,  in  support  of  Van 
Helmont's  opinion,  that  the  deadly  vapour,  the  mephitis, 
of  the  Grotto  del  Cane  and  of  the  small  cavern  at 
Pyrmont,  was  identical  with  the  sparkling  piquant 
principle  of  mineral  waters.*  But  the  honour  of 
stating  the  fact  of  their  identity  in  an  unequivocal 
manner  belongs  to  Dr.  William  Brownrigg,  a 
Whitehaven  physician,  who,  after  taking  his  degree 
as  Doctor  of  Medicine  in  1737,  had  his  attention 
attracted  to  the  exhalations  ( damps )  arising  in  the 
coal  mines  in  the  neighbourhood  of  Whitehaven. 
Much  of  his  leisure  time  was  occupied  in  investigating 


The  views  of  this  writer  were  first  published  in  German, 
but  he  subsequently,  in  1736,  made  a  communication  upon  the 
subject  to  the  Royal  Society  of  London. 
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their  properties,  and  at  the  solicitation  of  the  proprietor 
of  the  mines,  Sir  James  Lowther,  he  carried  on  the 
work  with  much  earnestness,  impelled  thereto,  also,  by 
the  hope  of  alleviating  or  averting  the  dreadful 
consequences  which  the  damps  so  frequently  entailed 
upon  the  miners.  He  likewise  had  an  opinion  that  an 
enquiry  into  the  nature  of  these  subterranean  vapours 
would  reveal  the  cause  and  manner  of  impregnation 
of  mineral  waters  with  the  subtile  principle  to  which 
Becheri*  and  Hoffman  ascribed  their  most  characteristic 
virtues.  The  achievement  of  this  end  seemed  to  him 
to  be  necessary  if  mineral  waters  were  to  be  used  in 
a  rational  manner  for  their  medical  effects  upon  the 
human  body.  With  a  view  to  encourage  others  in 
experimental  work  of  the  same  kind  he  wrote  several 
essays  on  these  exhalations,  which  were  presented 
in  1 74 1  to  the  Royal  Society  of  London  by  Sir  James 
Lowther.  This  author's  modesty  did  not  permit  him 
to  give  his  consent  to  the  publication  of  them  at  that 
time,  as  he  was  desirous  of  extending  his  researches 
and  perfecting  the  memoirs.  The  one,  however,  which 
is  germane  to  our  subject  fortunately  was  published 
twenty-four  years  later  as  a  postscript  to  another 
memoir  upon  the  same  subject.f 

As  the  labours  and  writings  of  this  perspicuous 
and  judicious  chemist  have  been   in   some  measure 

*  Becheri. — Physica  Subtcfranea. 

+  Brown RIGG.—  "  On  the  uses  of  a  knowledge  of  mineral  ex- 
halations when  applied  to  discover  the  principles  and  properties 
of  mineral  waters." — Read  before  the  Royal  Society  in  April, 
1741. 
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overlooked,  and  as  he  possessed  in  a  high  degree  the 
well-balanced  intellectuality  and  imagination  of  the 
true  scientist,  which  have  not  hitherto  secured  him  the 
prominent  place  he  deserves  in  the  first  rank  of  the 
pioneer  chemists  of  the  middle  of  the  eighteenth 
century,  a  portion  of  the  essay  already  alluded  to  may 
be  appropriately  quoted  here.  He  says  with  reference 
to  the  theory,  then  pretty  generally  held,  that  common 
air  was  the  aerating  principle  of  mineral  waters,  that : — 

"  Neither  ought  we,  because  those  spirits  of  fountains  are 
flatulent  and  elastic,  from  thence  to  infer,  that  they  agree  with 
common  air  in  every  other  respect,  as  many  are  apt  to  imagine. 
For  corpuscles,  Which  differ  extremely  in  magnitude,  density  and 
figure,  may  all  be  endowed  with  one  common  repulsive  quality. 
And  it  is  highly  probable  that  the  elastic  particles,  which  are 
emitted  from  various  kinds  of  dense  bodies,  do  thus  vary  one 
from  another  ;  and  that  they  oft-times  compose  elastic  fluids, 
which  differ  as  much  from  each  other  as  those  bodies  differ  from 
which  they  are  produced.  Thus,  the  air  of  pease,  which  is 
inflammable,  seems  to  differ  as  much  from  the  mephitical  air  of 
oak,  which  extinguishes  flame,  as  those  two  vegetable  substances 
differ  between  themselves.  So  that  two  elastic  fluids,  although 
they  both  possess  a  repulsive  quality,  may  yet  in  their  other 
qualities  differ  as  much  as  inelastic  fluids  are  found  to  differ  ;  as 
water,  for  example,  differs  from  oil  of  vitriol.  The  particles, 
therefore,  of  dense  bodies,  when  they  are  separated  from  each 
other  and  assume  a  repulsive  quality,  are  not  always  reduced  to 
common  air,  but  to  different  kinds  of  elastic  fluids,  which 
frequently  retain  the  qualities  of  the  dense  bodies  from  which 
they  are  generated,  and  which,  by  being  reduced  to  an  elastic 
state,  become  more  active  and  penetrating,  and  operate  much 
more  suddenly  and  violently  upon  the  human  body  ;  as  the 
fumes  of  quicksilver  and  the  vapour  of  water,  by  their  effects, 
do  sufficiently  prove. 

Now,  these  subtile  and  elastic  spirits  do  frequently  exert 
very  sudden  and  violent  effects  upon  the  human  body,  and, 
entering  the  composition  of  mineral  waters,  often  endow  them 
with  excellent  virtues.      It  may,  therefore,  be  useful  to  examipe 
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the  origin  of  those  spirits  which  are  found  in  fountains,  and  to 
consider  in  what  manner  water  becomes  impregnated  with  them 
as  it  passes  through  the  bowels  of  the  earth.  To  determine 
which  questions,  those  observations  will  greatly  contribute 
which  we  have  already  given  concerning  the  generation  of  the 
fire-damp,  and  its  lodgment  in  the  cavities  of  the  earth.  For 
as  the  fire-damp  is  generated  from  sulphureous  and  ferruginous 
substances,  and  is  often  closely  pent  up  with  water  and  intimately 
blended  therewith  in  the  subterranean  cavities  ;  its  particles, 
therefore,  being  impelled  by  their  own  elastic  pressure  into  the 
pores  of  the  water,  will  be  dissolved  therein,  after  the  same 
manner  as  I  have  before  shown  that  they  may  be  dissolved 
therein  by  art.  And  in  like  manner  water  will  become  impregnated 
with  those  other  kinds  of  air  and  mineral  exhalations,  which  are 
lodged  in  the  subterraneous  cavities  through  which  it  passes. 
The  subterraneous  damps  and  mineral  spirit  of  fountains  seem, 
therefore,  exactly  to  resemble  each  other  both  in  their  nature 
and  origin. 

The  brisk  and  pungent  taste  of  the  acidulee  is  also  a  further 
evidence  that  the  mineral  air  which  they  contain  is  nearly 
related  to  the  choak-damp.  For  from  this  brisk  pungency  of 
taste  these  spirits  appear  to  resemble  the  air  which  is  generated 
from  beer  and  other  liquors  by  fermentation.  But  the  air  of 
fermenting  liquors  is  by  numerous  experiments  discovered  to  be 
a  deadly  poison  when  applied  to  the  lungs  and  the  external 
parts  of  the  body,  acting  chiefly  upon  the  nervous  system,  and 
instantly  killing  those  animals  which  breathe  it,  exactly  in  the 
manner  of  the  choak-damp.  Yet,  nevertheless,  this  air,  when 
taken  inwardly  in  a  convenient  quantity  of  a  liquid  vehicle,  is 
found  to  have  wonderfully  exciting  and  reviving  qualities. 

In  like  manner  the  elastic  spirit  of  the  aciduke  seems  to 
have  a  great  share  in  the  admirable  effects  which  those  waters 
exert  upon  the  human  body.  For  being  exceedingly  subtile, 
penetrating  and  active,  it  seems  fitted  to  pervade  the  whole 
body,  and  to  force  a  passage  through  the  minutest  vessels  ;  by 
its  mild  and  gentle  stimulus  to  corrugate  the  fibres,  increase 
their  elasticity,  and  excite  them  to  motion  ;  by  its  expansive 
quality  to  rarify  and,  as  it  were,  to  spiritualize  the  blood,  and 
dilate  the  vessels.  By  these  several  ways,  therefore,  it  may 
greatly  contribute  to  strengthen  the  solids,  to  accelerate  the 
nvDtion  and  circulation  of  the  fluids,  and  to  warm  and  invigorate 
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the  whole  annual  frame.  So  that  to  these  spirits  seem  in  a 
great  measure  owing  the  virtues  which  the  acidulte  possess  of 
attenuating  the  humours,  breaking  their  unnatural  concretions, 
and  powerfully  opening  obstructions  ;  of  provoking  the  appetite, 
assisting  the  digestion  and  concoction  of  the  aliment,  and 
facilitating  all  the  natural  secretions  and  excretions  of  the  body." 

Brownrigg  not  only  grasped  the  fact  of  the  identity 
of  these  gases  and  showed  that  the  choak-damp  was 
ahuost  certainly  the  aerating  principle  of  mineral  waters, 
but  he  advanced  a  further  step  when  he  set  about  the 
task  of  artificially  aerating  water.  In  so  doing  he 
anticipated  all  other  chemists.  His  biographer,  Dr. 
Joshua  Dixon,  writing  in  1801,  definitely  claims  for 
him  the  discovery  of  imitating  Pyrmont  water.  He 
says :  "  It  may  not  be  improper  to  observe  that  the 
imitation  of  the  Pyrmont  water,  by  impregnating 
water  with  fixed  air,  was  the  discovery  of  Dr. 
Brownrigg,  by  whom  it  was  originally  hinted  to 
Dr.  Priestley."  The  investigations  upon  this  subject 
were  continued  by  Dr.  Brownrigg  over  a  period  of 
many  years,  and  the  conclusions  contained  in  his  first 
essay  were  confirmed  by  experiments  which  he  was 
fortunately  able  to  carry  out  at  Pyrmont  upon  the 
water  of  the  Pouhon  spring.  The  results  obtained  by 
him  were  presented  to  the  Royal  Society  in  the  years 
1765  and  1774  ;  but  the  contents  of  his  papers  had 
in  the  meantime  been  anticipated  in  some  measure 
by  the  work  of  other  chemists,  notably  by  Dr.  Black, 
the  Hon.  H.  Cavendi.sh  and  Mr.  T.  Lane.  He 
had,  however,  the  satisfaction  of  verifying  their  work, 
putting  their  conclusions  to  the  test  by  operating  upoii 
natural  mineral  waters. 
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The  summary  of  Brownrigg's  results,  which  he  gives 
at  the  conclusion  of  his  last  paper,  is  a  very  complete 
account  of  the  properties  of  mephitic  air,  as  he  called 
it,  its  solution  in  water,  its  combinations  with  various 
bases,  the  characters  of  its  salts  and  their  analogies 
with  other  saline  substances.  The  different  means  for 
producing  the  gas  are  described  in  a  manner  which 
renders  it  almost  inconceivable  that  he  should  hesitate 
to  look  upon  the  mephitic  air  as  an  acid.  Nevertheless, 
his  caution  did  not  prevent  him  from  stating  that 
"  this  mephitic  air  is  doubtless  the  same  acidum  vagum 
fodinarum  of  Boerhaave  and  others  ;  and  with  the 
acidum  centrale  perpetuum  inexhaui'ibile  of  Becher  ; 
with  the  spiritus  sulphureus  aereo-cethereo-elasticus  of 
Hoffman  ;  and  the  sal  embi'ionatus  and  sal  esu7'inus  of 
the  sagacious  Helmont." 

When  Venel  communicated  his  views  in  1750  as 
to  the  mineral  elastic  spirit  in  water  being  simply  a 
superabundant  portion  of  ordinary  air,  he  evidently 
was  quite  unacquainted  with  Brownrigg's  enlightening 
essay.  About  1752,  Mr.  Black*  (he  did  not  graduate 
as  a  Doctor  of  Medicine  until  1754)  began  his  famous 
researches  upon  the  cause  of  the  causticity  of  lime. 
In  one  of  his  experiments  he  compared  the  loss  of 
weight  which  a  piece  of  chalk  sustains  when  calcined 
with  the  loss  when  it  is  dissolved  in  spirit  of  salt,  and 
in  a  memorandum  describing  another  experiment,  he 

*  Mr.  Black  was  born  in  1728.  He  was  appointed  Professor 
of  Anatomy  and  Lecturer  of  Chemistry  in  the  University  of 
Glasgow  in  1756,  and  in  1766  was  presented  to  the  Chair  of 
Chemistry  in  the  University  of  Edinburgh. 
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says  . — '*  When  I  precipitate  lime  by  a  common  alkali 
there  is  no  effervescence  ;  the  air  quits  the  alkali  for 
the  lime,  but  it  is  not  lime  any  longer.  It  now 
effervesces,  which  good  lime  will  not."  Thus  there 
was  revealed  to  him  the  cause  which  he  had  been 
seeking  ;  the  causticity  of  lime  was  not  anything 
derived  from  the  calcining  fire,  but  was  caused  by  the 
loss  of  a  gas  which  could  be  restored  again  at  will  to 
the  quicklime.  Because  of  the  close  union  existing 
between  this  air  and  the  lime  he  called  it  fixed  air. 
In  the  same  year  (1757)  that  he  published  the  first 
account  of  these  experiments  he  discovered  that  the  fixed 
air,  which  he  separated  by  chemical  means,  was  fatal  to 
animals  inhaling  it,  and  he  had  previously  convinced 
himself  that  the  air  exhaled  by  animals  consisted  chiefly 
of  the  same  gas.*  The  means  he  adopted  for  recog- 
nising fixed  air  was  to  cause  a  current  of  it  to  pass 
through  lime  water,  when  a  precipitate  was  formed, 
which,  when  it  was  removed,  he  was  able  to  identify 
with  certainty  by  its  newly-acquired  property  of 
effervescing  with  acids.  With  this  test  he  had  no 
difficulty  in  proving  that  the  gas  produced  in  the  process 
of  fermentation  was  true  fixed  air,  agreeing  in  this  and 
other  properties  with  the  gas  obtained  from  limestone  by 
heat  and  the  action  of  acids,  and  produced  by  burning 
charcoal  and  other  organic  substances,  and  contained  in 

*  In  the  winter  of  1764-5  Dr.  Black  demonstrated  this  fact 
on  a  large  scale  by  causing  the  air  from  the  ventilator  in  the 
ceiling  of  a  church,  in  which  1,500  people  had  been  for  nearly 
ten  hours,  to  filter  through  rags  saturated  with  caustic  soda  ; 
the  alkali  thus  became  mild  and  crystalline. 
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the  exhaled  breath  of  animals  and  in  mineral  waters. 
Black  clearly  differentiated  fixed  air  from  the  common 
atmospheric  air,  and  established  it  as  a  chemical  entity. 

Using  the  conclusions  drawn  from  Hales'  and 
Black's  researches  as  a  starting  point,  Dr.  D.  Macbride 
began  a  course  of  experiments  with  a  view  to 
ascertain  the  role  of  fixed  air  in  the  animal  economy. 
These  experiments,  and  his  inferences  drawn  from 
them,  were  published  in  a  series  of  five  essays.* 
Assuming  that  there  is  a  principle,  holding  together 
all  particles  of  matter,  ensuring  their  perfect  cohesion  and 
conferring  the  quality  of  firmness  upon  the  substances 
which  they  compose,  and,  seeing  that  putrefaction  is 
found  to  consist  in  the  breaking  down  of  substances 
into  their  constituent  particles,  he  argued  that 
the  loss  of  this  principle  is  the  cause  of  animal 
substances  becoming  putrid.  His  experiments  proved 
that  as  soon  as  animal  substances  begin  to  putrefy 
fixed  air  is  liberated  ;  that  mixtures  of  animal  and 
vegetable  substances  ferment  more  quickly  and  set 
free  more  fixed  air  than  either  animal  or  vegetable 
substances  alone  ;  and  that  vegetable  substances  yield 
more  fixed  air  than  animal  substances.  It  was  a 
matter  of  common  observation  that  a  diet  of  animal 
food  is  prejudicial  in  the  so-called  putrid  diseases,  of 
which  the  sea-scurvy  is  a  type,  and  that  a  diet  of 
fresh  vegetables  is  of  the  greatest  benefit.  Macbride 
concluded  that  the  difference  was  to  be  ascribed  to 
the  different  quantities  of  fixed  air  which  the  two  kinds 

*  ^\\CVi\<U)K.—Expcn'iiicn/a/  Essays  on  Medical  atui  Philo- 
sophical Subjects^  London.     Second  edition,  1767. 
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of  diet  would  yield  in  the  processes  of  digestion  ;  the 
fixed  air,  on  his  hypothesis,  being  available,  when  so 
liberated  in  the  body,  to  counteract  the  putrefaction 
taking  place  in  the  circulating  fluids  of  the  body.  In 
the  face  of  the  fact  that  fixed  air  had  been  proved  to 
be  very  deadly  to  animals,  Macbride's  theory  was  a 
bold  one  ;  but  he  did  not  stop  at  speculation  ;  he 
passed  this  phase  of  the  question  through  the  furnace 
of  experiment,  and  reached  what  would  then  seem  the 
almost  paradoxical  conclusion,  that,  although  it  was 
fatal  to  animals  when  received  into  the  lungs,  it  was 
not  only  innocuous,  but  actually  beneficial,  when 
received  into  the  stomach  or  into  the  intestinal 
canal.  The  next  theoretical  step  was  to  consider 
fixed  air  as  having  antiseptic  virtues  ;  then  succeeded 
the  practical  step,  as  applied  to  the  scurvy,  of  finding 
a  suitable  means  of  administering  this  new  medicinal 
agent  in  a  convenient  form.  Macbride  recommended 
effervescing  mixtures  in  which  fresh  lime  juice  was 
the  acid  constituent,  and  a  fresh  infusion  of  common 
malt  for  use  in  cases  of  scurvy.  The  attempts  made 
by  him  to  prove  the  antiseptic  value  of  fixed  air  were 
carried  out  under  conditions  which  we  now  know  could 
only  yield  him  fallacious  results.  His  work,  however, 
was  fruitful  in  other  results,  which  were  rather  more 
remote  and  unapprehended  by  him,  but  they  were 
garnered  by  his  successors  in  this  field  of  research. 
There  is  no  statement  indicating  that  Macbride's  views 
upon  diseases  and  their  etiology  were  based  upon 
chemical,  as  opposed  to  biological,  notions,  but  his 
arguments  are  of  such   a   nature  as  to  lead  one  to 
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believe  that  he  had  little  doubt  that  chemistry  would 
ultimately  solve  all  pathological  problems.* 

Shortly  after  the  publication  of  Dr.  Macbride's 
essays,  the  Hon.  Henry  Cavendish  read  before  the 
Royal  Society  of  London  an  account  of  some  experi- 
ments upon  the  Rathbone  Place  water.  He  made  an 
attempt  to  ascertain  the  nature  of  its  solid  constituents, 
and,  prompted  by  Dr.  Brownrigg's  researches  upon  the 
Spa  waters,  succeeded  in  obtaining  from  it  a  consider- 
able quantity  of  fixed  air.  He  also  found  that  water  is 
capable  of  dissolving  rather  more  than  its  own  volume 
of  fixed  air,  and  that  the  quantity  dissolved  increases 
in  proportion  as  the  temperature  of  the  water  is  lower 
and  as  the  pressure  is  greater.  Water  thus  impreg- 
nated with  fixed  air  has  the  property  of  dissolving 
calcareous  earth  (calcium  carbonate)  ;   the  quantity  of 

*  At  the  present  time,  when  the  agency  of  Hving  organisms 
in  the  causation  of  disease  is  so  generally  recognised,  it  is 
interesting  to  recall  Macbride's  contemptuous  reference  to 
the  hypothesis  of  Plenciz,  in  which  he  says  : — "  I  have  just 
met  with  a  book  published  at  Vienna  (Marci  Anton.  Plenciz 
Opera  Medico- Physica)  in  1762,  wherein  the  author  endeavours 
to  establish  a  very  extravagant  theory  concerning  putrefaction 
and  contagious  diseases.  He  insists  that  bodies,  which  are 
vulgarly  supposed  to  putrefy,  or  to  rot,  are  devoured  by  myriads 
of  animalcula;  that  the  fceior  arising  from  such  bodies  ariseth 
from  the  excrements  of  the  said  animalcula^  and  that  contagion 
is  spread  by  their  ova  being  wafted  through  the  air,  and 
carried  from  place  to  place.  Hence  he  attempts  to  account 
for  the  appearance  in  small-po.\,  measles,  scarlet  fever,  and  all 
other  contagious  and  infectious  diseases  ;  alledging  the  cause  of 
all  these  to  be  a  materia  animata  or  seminium  vcrmitiosuin. 
The  consequence  of  this  theory  is,  that  mercury  and  the  bitter 
anthebniitiics,  are  the  only  things  whereby  we  are  to  e.Kpect 
to  do  service  in  these  diseases." 
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the  gas  in  the  water  necessary  to  do  this  he  ascertained 
to  be  twice  the  vokime  ordinarily  present  in  the 
calcareous  earth.  That  this  earth  should  be  rendered 
soluble  in  water  both  by  depriving  it  of  its  fixed  air 
and  by  adding  to  it  another  volume  of  fixed  air,  was 
considered  remarkable,  but  Cavendish  demonstrated 
the  facts  very  clearly.  The  specific  gravity  of  this 
gas  was  determined  by  Cavendish,  with  an  accuracy 
which  distinguished  it  from  atmospheric  air  ;  this  was 
also  accomplished  by  the  Due  d'Ayen  and  the  Due 
de  Chaulnes  ;  Venel's  attempt  to  do  this  failed 
because  his  methods  were  not  sufficiently  delicate. 

In  England  several  members  of  the  Royal  Society 
and  their  friends  were  at  this  time  keenly  interested  in 
the  investigations  as  to  the  nature  and  origin  of  the 
various  airs  or  gases.  Several  of  these  have  already 
been  mentioned  ;  but  there  are  many  others,  the  names 
of  some  of  whom  are  only  met  with  in  the  writings  of 
their  friends.  Of  this  number  was  Dr.  Watson,  junr., 
who  in  a  conversation  with  Mr.  Lane,  an  apothecary 
of  Aldersgate  Street,  suggested  to  him  that  probably 
the  fixed  air  which  Cavendish  had  proved  to  be  the 
agent  producing  the  solution  of  calcareous  earth  in 
water,  might  also  bring  about  the  solution  of  iron  in 
ordinary  water,  and  thus  prove  to  be  the  efficient 
cause  in  the  production  of  those  natural  chalybeate 
waters  which  have  an  alkaline  reaction.  By  a  number 
of  ingenious  experiments  with  the  fixed  air  obtained 
from  fermenting  fluids  and  from  other  sources,  and 
with  iron  filings.  Lane  succeeded  in  producing  a  chaly- 
beate   water    which  resembled   Spa  water ;   thus  he 
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confirmed  Dr.  Watson's  shrewd  suggestion.  Lane  took 
great  care  in  carrying  out  his  investigations,  and  seems 
to  have  been  the  fir.st  to  take  the  precaution  of  purifying 
the  fixed  air  from  acid  by  passing  it  through  a  vessel 
containing  pearl  ashes.  At  last  the  materialisation 
of  the  "  soul "  of  mineral  waters  was  completed  ; 
the  mystery  surrounding  their  sparkling  brilliancy  was 
dispelled.  But  the  conclusions  reached  by  the  chemists 
whose  work  we  have  reviewed  were  by  no  means 
generally  accepted.  The  phlogiston  theory  held  the 
field  of  philosophical  chemistry  and  its  supporters  were 
not  only  numerous  but  stalwart  and  clever.  To  them 
it  appeared  that  if  the  teaching  of  Black  (who 
found  on  the  Continent  an  able  expositor  in  M. 
Jacquin)  was  to  be  accepted,  one  of  the  most  potent 
elements  of  nature — fire — would  be  shorn  of  some 
of  its  glory.  Two  vigorous  opponents  of  the  new 
doctrine  were  Meyer,*  an  apothecary  of  Osnabruck, 
arid  Dr.  Crans,-f-  physician  to  the  King  of  Prussia. 
All  the  phenomena  connected  with  the  calcination 
and  solution  of  calcareous  earth  (calcium  carbonate) 
and  lime,  attributed  by  Black  and  his  coadjutors  to 
fixed  air  were  regarded  by  Meyer  and  Crans  as 
being  due  to  a  hypothetical  acid  substance,  which  lime 
was  supposed  to  extract  from  fire,  and  called  by  Meyer 
acidum  pingue.  While  this  theory  attracted  a  good 
deal  of  attention  and  gained  man}-  supporters  on  the 

*  Essays  in  Chemistry^  on  Quicklime^  the  Elastic  and  the 
Electric  Matter^  Fire  and  the  universal  primitive  Acid. 

+  A  refutation  of  the  chemical  examination  of  Meyet^s  doctrine 
concerning  the  Acidum  Pinffue ;  and  of  Black^s  doctrine  concern- 
in'!^  Fixed  Air.      Leipsic,  1770. 
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Continent,  it  did  not  find  a  footing  in  this  country, 
where  the  influence  of  Black  as  a  chemist  was  almost 
paramount. 

It  was  in  the  summer  of  1767  that  Dr.  Joseph 
Priestley  was  first  induced  to  make  his  experiments 
upon  fixed  air,  the  proximity  of  a  public  brewery 
offering  him  good  facilities  for  carrying  out  such 
work  upon  a  large  scale.  He  repeated  the  experi- 
ments, and,  with  the  help  of  many  new  experiments, 
confirmed  the  results  which  other  chemists  had  already 
recorded ;  but  he  added  very  little  real  knowledge 
concerning  the  properties  of  fixed  air.  Although 
his  contribution  to  the  chemistry  of  this  particular 
substance  was  small,  his  endeavour  to  ascertain  its 
composition,  his  experiments  upon  other  gases,  and 
his  luminous  views  upon  the  relationship  of  the  different 
gases,  or  airs,  as  he  preferred  to  call  them,  were  of 
the  first  importance.  A  new  epoch  may  be  said  to 
have  been  ushered  in  with  his  recognition  of  the  fact 
that  certain  acid  liquids  owed  their  acid  properties 
to  gases  in  solution,  which  gases  could  be  separated 
completely  from  water,  and  then  exhibited  all  the 
characters  of  elastic  fluids.  The  simple  process  (page 
62)  he  devised  for  the  impregnation  of  water  with 
fixed  air,  however,  constitutes  his  chief  claim  upon 
our  attention.  How  he  availed  himself  of  the  informa- 
tion within  his  reach  and  gave  practical  expression 
to  it  is  well  expressed  by  Sir   John    Pringle*  : — 

*  A  discourse  on  the  differeiit  kinds  of  Air,  delivered  at  the 
anniversary  meeting  of  the  Royal  Society,  November  30th,  1773. 
It  was  on  this  occasion  that  the  Society  honoured  Priestley  by 
conferring  upon  him  its  gold  medal. 
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"  For  having  learned  fr  om  Dr.  Black  that  this  fixed  or  mephitic 
air  could  in  great  abundance  be  procured  from  chalk  by  means 
of  diluted  spirits  of  vitriol  ;  from  Dr.  Macbride  that  this  fluid  was 
of  a  considerable  antiseptic  nature  ;  from  Mr.  Cavendish,  that  it 
could  in  a  large  quantity  be  absorbed  by  water,  and  from  Dr. 
Brownrigg  that  it  was  this  very  air  which  gave  the  briskness  and 
chief  virtues  to  the  Spa  and  Pyrmont  waters  :  Dr.  Priestley,  I 
say,  so  well  instructed,  conceived  that  common  water  impregnated 
with  this  fluid  alone,  might  be  useful  in  medicine,  particularly  for 
sailors  on  long  voyages,  for  curing  or  preventing  the  sea  scurvy." 

For  a  long  time  Priestley  was  of  opinion  that 
fixed  air  was  a  "  factitious  substance,  and  a  modifica- 
tion of  the  nitrous  and  vitriolic  acids;"  but  Mr. 
Kirwan  succeeded  in  persuading  him  that  it  was 
composed  of  dephlogisticated  air  (oxygen")  and  the 
hypothetical  phlogiston.  Throughout  all  his  life 
Priestley  maintained  his  belief  in  the  reality  of 
phlogiston,  and,  consequently,  failed  to  appreciate  the 
labours  of  those  chemists  who  succeeded  in  breaking 
away  from  this  theory. 

The  medicinal  properties  of  fixed  air  were  studied 
with  assiduity  by  Mr.  Hey  of  Leeds,  Dr.  Percival 
of  Manchester,  and  Dr.  Dobson  of  Liverpool,  and 
contemporaneously  the  chemistry  of  fixed  air  was 
further  evolved  throufjh  the  combined  labours  of  the 
Due  de  Chaulnes,  Rouelle  (Lecturer  in  Chemistry 
at  the  Royal  Botanical  Garden,  Paris),  Henry  of 
Manchester,  Bucquet  of  Paris,*  and  Lavoisier,  the 
stimulating  influence  of  whose  genius  is  still  unspent. 

*  Physico-clumical  experiments  on  the  ait;  ^uhich  is  separated 

from   bodies   at  the  time  of  their  decomposition^  known  by  the 

name  of  fixed  air^  read  at  the  Royal  Academy  of  Sciences, 
April  24,  1773. 
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About  1770,  Bergman  first  communicated  his  views 
upon  the  nature  and  properties  of  fixed  air,  and  in 
1774  he  read  his  essay  "Of  the  Aerial  Acid"  before 
the  Royal  Academy  of  Sciences,  at  Upsal.  He 
introduced  the  question  of  the  proper  designation  of 
this  gas.  Hitherto,  it  had  passed  under  a  variety 
of  names,  according  to  the  particular  property  of  it 
which  happened  to  appeal  the  most  strongly  to 
individual  authors.  Bergman  rejected  the  "  fixed  air  " 
of  Black,  because  it  had  been  made  to  include  a 
number  of  other  gases  beside  the  one  to  which  it  was 
first  applied  by  its  author.  "  Mephitic  gas "  was 
preferred  by  Macquer,  but  Bergman  selected  "  aerial 
acid,"  and  his  memoirs  were  written  in  order  to 
prove  the  acid  character  of  the  gas.  This  name  had 
previously  been  used  by  Chrouet  and  the  acidity  of 
the  gas  had  been  also  insisted  upon  by  Sage,  who, 
however,  entertained  the  very  erroneous  notion  that 
it  was  simply  volatilised  marine  acid  (hydrochloric 
acid)  ;  but  it  was  Bergman  who  succeeded  in 
establishing  the  aerial  acid  in  the  same  rank  as  the 
non-volatile  acids. 

Bergman's  essay  is  almost  exhaustive ;  it  covers 
nearly  the  whole  of  the  subject,  with  the  exception 
that  he  does  not  venture  upon  even  a  surmise  as  to  the 
probability  of  fixed  air  being  other  than  an  element. 
Practically,  the  whole  of  the  experiments  upon  the 
preparation  and  properties  of  fixed  air  which  had 
been  carried  out  by  other  chemists  were  repeated 
by  him  with  increased  care.  For  instance,  in  making 
the  gas  he   used  "  pellucid  calcareous  spar "  instead 
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of  chalk,  because  the  latter  generally  contains  chlorides, 
and   the   gas  evolved  is  thereby  in  danger  of  being 
contaminated  with  the  volatilised  hydrochloric  acid. 
His  researches  upon  aerated  vegetable  alkali  (potassium 
carbonate),  aerated  mineral  alkali  (sodium  carbonate), 
aerated  volatile  alkali  (ammonium  carbonate),  aerated 
terra  ponderosa  (barium  carbonate),  aerated  lime,  aerated 
magnesia,    and    other    similar    bodies    included  the 
preparation,    properties     and,    in    many    cases,  the 
quantitative   composition    of  them,   particularly  with 
reference  to  the  quantity  of  aerial  acid  they  contained. 
Like  Cavendish,  he   found  that  the  quantity  of  the 
gas  dissolved  by  water  varied  with  the  temperature  : 
at  a  temperature  of  41  °F  the  volume  dissolved  was 
rather  more  than  equal  to  that  of  the  water,  and  at 
50°F  it  was  somewhat  less.      The  specific  gravity  of 
aerated  water*  was  determined  by  him,  as  was  also 
that  of  the  gas  itself,  which  he  found  to  be  1*5  as 
compared  with  air,  a  value  wonderfully  near  the  truth, 
considering  the  rather  crude  instruments  of  that  day. 
Bergman  devised  a  method  of  estimating  the  quantity 
of  the  fixed  air  in  water ;   this   he   did    by  driving 
off   all    the    gases,    measuring  their    total  volume, 
and   then  absorbing  the  fixed  air  by  means  of  lime 
water,  and  measuring  the  residue.    Gioanettit  likewise 
accomplished  the  same  purpose,  but  he  attacked  the 
problem  by  precipitating  all  the  gas  with  lime  water 


*  Bergman  seems  to  have  been  the  first  to  apply  the  term 
"aerated  water"  to  water  impregnated  with  fixed  air. 

+  Analyse  des  Eaux  de  St.  Vincent. 
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and  weighing  the  dried  precipitate ;  by  this  means 
he  distinguished  between  the  free  gas  and  that  in 
combination,  the  latter  being  determined  after  all  the 
free  gas  had  been  expelled  by  boiling.  As  far  as  the 
identity  of  Bergman's  aerial  acid  with  the  sparkling 
effervescing  principle  of  natural  mineral  waters  is 
concerned,  it  may  be  allowed  that  he  said  the 
final  word  : — 

"The  aerial  acid  constitutes  the  genuine  spiritits  mineralis  of  the 
ancients  as  is  most  evidently  demonstrated  by  the  analysis  above 
proposed  ;  for  all  the  mineral  waters  celebrated  for  virtue  give  out 
a  considerable  quantity  of  elastic  fluid  (even  sometimes  a  portion 
equal  in  bulk  to  the  water  itself),  possessing  all  the  properties  of 
that  subtile  acid.  And  what  puts  the  matter  beyond  doubt  is,  that 
if  the  elastic  fluid  of  such  waters  be  either  gradually  dissipated  in  an 
open  vessel,  or  suddenly  expelled  by  heat,  the  water  loses  its 
grateful  pungent  acidity,  which  it  recovers  altogether,  when  the  loss 
of  that  elastic  fluid  is  suppHed  :  analysis  and  synthesis  then  agree 
so  perfectly,  on  this  occasion,  that  whoever  considers  the  operations 
with  due  attention  must  be  clearly  satisfied  of  the  truth  of  the 
position.  In  another  place  I  have  at  large  explained  the  method 
by  which  the  natural  aerated  waters  may  be  imitated."* 

One  matter  still  remained  in  doubt :  was  fixed 
air  a  simple  or  a  compound  substance?  and,  if 
the  latter,  what  were  its  constituents?  Priestley  had 
come  to  the  conclusion  that  it  consisted  of  dephlo- 
gisticated  air  (also  called  "vital"  air,  and  subsequently 
"  oxygen  "  by  Lavoisier)  and  phlogiston,  which  latter 
could  be  contributed  to  it  by  charcoal.  As  we  read 
to-day  the  account  of  his  experiments,  it  seems  strange 
that  he  should  be  so  dominated  by  his  philosophy 
that  he  could  not  be  content  to  look  upon  charcoal 

*  CuUen's  translation  of  Bergman's  Physical  and  Chemical 
Essays. 
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as  charcoal,  but  must  theorise  it  into  phlogiston. 
After  producing  fixed  air  by  burning  charcoal  in  dephlo- 
gisticated  air,  with  a  view  to  ascertain  the  quantities 
of  the  constituents,  he  says  :  "  Consequently,  supposing 
the  charcoal  to  be  wholly  phlogiston,  as  it  is 
very  nearly  so,  fixed  air  may  be  said  to  consist  of 
3 '45  parts  of  dephlogisticated  air  and  1*5  phlogiston. 
So  that  the  dephlogisticated  air  is  more  than  three 
times  [sic]  the  proportion  of  the  phlogiston  in  it"* 

The  true  explanation  of  the  phenomena  caused  by 
fixed  air,  and  of  its  properties  and  composition  was 
at  last  furnished  by  Lavoisier,  who  in  1781  read  his 
essayt  upon  its  composition,  the  way  for  which  had 
been  prepared  by  his  memoir  upon  the  formation  of 
acids,  published  in  1778.  Distinguishing  first  between 
carbon,  or  ordinary  charcoal,  and  carbonaceous  matter, 
by  which  he  meant  carbon  free  from  all  impurities, 
he  then  passes  on  to  prove  that  carbonic  acid  (thus 
named  by  him)  is  a  compound  produced  by 
the  combustion  of  charcoal  in  the  oxigineous  (acid 
forming)  principle.  He  had  previously  shown  that  the 
oxygene  enters  into  combination  with  sulphur  and 
phosphorus  when  these  elements  are  burnt  in  it, 
forming  the  sulphuric  and  phosphoric  acids.  After 
meeting  with  several  difficulties  in  connection  with 
obtaining  charcoal  sufficiently  pure  for  his  experiments, 


*  Obseruaiions  on  Fixed  Air.     Birmingham,  1790. 

t  Sur  la  formation  de  PAcidc,  tiomvic'  Air  fixe  ou  Acidc 
Crayeux^  et  que  je  designerai  desorinais  sous  le  notn  d^Acide 
du  Charbon. 
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and  with  the  formation  of  water  which  at  first 
he  did  not  suspect,  he  ultimately  succeeded  in 
stating  with  considerable  precision  the  composition  of 
carbonic  acid  gas.  He  concludes  his  memoir  by 
saying  that  : — "  These  numerous  experiments  leave 
no  doubt  as  to  the  nature  of  carbonic  acid  :  I  believe 
myself  justified  in  defining  it  as  an  incombustible 
substance,  an  acid  which  is  naturally  in  the  aeriform 
state  at  the  normal  temperature  and  pressure,  and  is 
composed  of  twenty-eight  parts  of  carbonaceous  matter 
and  seventy-two  parts  of  the  oxigineous  principle." 
Subsequently  he  found  that  the  proportion  of  carbon 
was  only  24  per  cent* 

Although  Lavoisier  seems  occasionally  to  have 
looked  on  other  people's  discoveries  as  his  own,  it 
was  he  who  firmly  planted  the  young  tree  of  chemical 
science  in  a  rich,  fertile  soil.  We  are  indebted  to  him 
not  only  for  brilliant  theories  and  for  new  and 
startling  facts,  but,  better  than  these,  for  the  wonderful 
faculty  he  possessed  of  seeing  the  reality  of  things 
unobscured  by  any  theory,  and  for  the  gift  of 
assorting  the  facts  and  putting  them  into  their  true 
relationships.  He  was  a  true  scientist,  examining  all 
phenomena,  where  possible,  with  the  measure  and  the 
balance. 

Lavoisier's  labours  upon  carbonic  and  other  acids 
became  the  vantage  ground  of  the  chemist,  who  was 
led  to  a  reasonable  theory  of  chemistry  ;  of  the 
physician  who  was  henceforth  freed  from  the  dominion 


*'Annales  de  Chimie.    XLII.,  288. 
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of  the  occult  ;  and  of  the  world  of  commerce,  which 
had  brought  into  it  an  entirely  new  territory,  which 
was  immediately  put  into  cultivation. 

Other  methods  than  those  already  in  use  for 
making  the  gas  were  introduced  for  different  purposes. 
The  Due  de  Chaulnes  showed  how  it  could  be 
obtained  from  burning  coal,  and  at  a  later  date  James 
Watt  produced  it  in  his  pneumatic  apparatus  by 
heating  chalk.  After  Faraday,  Thiloria  and  Brunei 
succeeded  in  first  liquefying  and  then  solidifying  it,  it 
was  only  a  question  of  time  for  an  adequate  supply 
of  the  solid  carbon  dioxide  to  become  a  commercial 
fact.  To-day  it  is  easily  obtainable  in  this  form, 
and  the  sources  of  it  are  the  fermentation  vats  of 
large  breweries,  and,  more  generally,  the  combustion 
of  coke. 


Dr.  Joseph  Priestley,  F.R.S. 


Methods  and   Apparatus  for 
Making  Aerated  Waters. 


There  is  no  record  that  anyone  had  impregnated 
water    with    carbonic    acid    gas    previous    to  1741, 
when   Brownrigg   stated    that   he   had   succeeded  in 
doing  so.    Although  Hoffman  possessed  an  idea  as  to 
how   it   might   be   done,   he   failed   to   carry  it  out 
in  experiment.      As  far  as   can   be   ascertained,  the 
method    adopted    by    Brownrigg    has     never  been 
published  ;   but   from   the    fact    that    his   work  was 
carried    out    in    connection    with  the  gases  obtained 
from  the  Whitehaven  mines,  and  because  these  gases 
were  conveyed  from  the  mines  to  his  laboratory  by 
means  of  pipes,  it  may  be  inferred  that  the  aeration 
was  effected  by  passing  the  gases  directly  into  water. 
However,  there  seems  to  be  little  doubt  that  Venel, 
in  1750,  published  the  first  account  of  the  artificial 
aeration  of  water ;  he  dissolved  in  the  water  a  certain 
proportion  of  sodium  carbonate  and  added    to    it  a 
sufficiency  of  hydrochloric  acid  to  saturate  it,  taking 
care  to  avoid  the  expulsion  of  the  gas.    The  drawback 
to  this  method  is  that  the   subsidiary   products  are 
left  in  the  solution    and    cannot   be    removed  ;  this 
fault  was  quickly  recognised. 
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Lane  (1769),  for  the  purposes  of  his  experiments, 
made  use  of  carbonic  acid  gas  obtained  from  an 
alkaline  carbonate  and  sulphuric  acid,  and  from  a 
vigorously  fermenting  solution  of  sugar  ;  in  each  case 
the  gas  was  conducted  by  means  of  a  bent  tube 
into  the  water  which  it  was  desired  to  aerate.  He 
also  aerated  water  by  allowing  it  to  remain  in  an 
open  vessel  suspended  immediately  over  molasses  in 
a  state  of  brisk  fermentation. 

The  earlier  method  of  Priestley  was  to  impregnate 
the  water  by  leaving  it  near  the  surface  of  beer  in 
the  fermenting  vats,  and  it  was  not  until  1772  that 
he  began  to  use  chalk  and  an  acid.  He  specifically 
states  that  between  1767  and  1772  he  never  heard 
of  any  other  method  than  the  first  one  he  employed, 
notwithstanding  that  Lane  had  communicated  a  paper 
to  the  Royal  Society,  in  which  he  clearly  states  that 
he  obtained  the  gas  "from  a  solution  of  alkaline  salt 
in  vitriolic  acid."  In  1772,  Priestley's  attention  was 
directed  to  the  subject  of  the  impregnation  of  water 
by  his  hearing  of  Dr.  Irving's  method  of  distilling 
sea  water  for  the  use  of  the  navy.  It  occurred 
to  him  that  some  means  might  be  found  whereby 
seamen  could  be  taught  to  impregnate  water  with 
carbonic  acid  gas  and  thus  use  it,  according  to  Dr. 
Macbride's  idea,  for  the  prevention  and  cure  of  sea- 
scurvy.  He  mentioned  his  scheme  to  the  Duke  of 
Northumberland,  and  showed  a  sample  of  the  aerated 
water  to  Sir  George  Saville,  who  gave  him  an 
introduction  to  Lord  Sandwich.  Presently  he  received 
a  notice  from  the  Board  of  Admiralty  to  the  effect 
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that  the  College  of  Physicians  had  been  appointed 
to  examine  his  aerated  water  and  the  mode  of  its 
production.  Accordingly  he  was  requested  to  exhibit 
his  apparatus  before  that  body ;  this  he  did  before 
a  very  full  meeting  in  their  hall  in  Warwick  Lane. 
The  College  of  Physicians  presented  a  favourable 
report  ;  two  ships  were  fitted   up  with  the  requisite 


Fig.  I.     Priestley's  Apparatus  for  making  Aerated  Water. 


apparatus,  and  Priestley  drew  up  directions  for  the 
production  of  the  new  remedy.  For  the  purposes 
of  his  various  investigations  upon  airs,  Priestley 
invented  the  appliance  known  to-day  as  the  pneumatic 
trough  ;  by  its  aid  he  was  able  to  collect  gases  free 
from  air  by  simply  filling  the  receivers  with  water, 
inverting  them  in  the  trough,  and  placing  them  upon 
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the  shelf  of  the  trough.  For  the  purpose  of  aerating 
water  it  was  a  simple  matter  to  dispense  with  the 
pneumatic  trough  and  place  the  inverted  receiver  with 
its  orifice  in  a  vessel  of  water.  His  method  consists 
in  liberating  the  carbonic  acid  gas  from  chalk  by 
means  of  sulphuric  acid,  conveying  the  gas  through 
a  flexible  tube  into  the  receiver  filled  with  water,  and, 
when  the  water  has  been  displaced  to  some  extent, 
closing  the  receiver  and  shaking  well  to  facilitate  the 
solution  of  the  gas.  Upon  again  placing  the  receiver 
in  the  vessel  of  water,  a  volume  of  water  equal  to 
that  of  the  dissolved  gas  takes  its  place  ;  the  process 
of  aeration  and  agitation  is  repeated  several  times 
until  the  water  is  completely  saturated  with  the  gas. 

In  order  to  obtain  more 
control  over  the  production 
and  supply  of  the  gas,  and 
to  prevent  the  splashing 
of  the  chalk  and  acid 
mixture  into  the  receiver, 
Priestley  interposed  a  blad- 
der between  the  generating 
vessel  and  the  receiver. 
While  he  took  adequate 
precautions  for  ensuring 
the  freedom  of  the  gas 
from  atmospheric  air,  he 
made  no  provision  for  free- 
ing it  from  acid  vapours, 
although  Lane  had  indi- 
cated   the   desirability  of 


Fig.  2. 

Priestley's  Improved  Apparatus. 
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so  doing,  as  well  as  a  method  of  accomplishing  it. 
Priestley,  in  the  course  of  the  description  of  his 
apparatus,  made  the  very  pregnant  remark  : — "  I  do 
not  doubt  but  that,  by  the  help  of  a  condensing 
engine,  water  might  be  much  more  highly  impregnated 
with  the  virtues  of  the  Pyrmont  spring  ;  and  it  would 
not  be  difficult  to  contrive  a  method    of  doing  it." 


Fig.  3.     Lavoisier's  Air  Pump. 


In  this  observation  is  the  germ  of  the  mechanical 
contrivances  which  were  afterwards  invented,  and 
which  are  now  in  general  use.  Almost  at  the 
same  time  (1773)  Lavoisier  suggested  the  mechanical 
compression  of  the  gas  in  the  aerating  vessel  by 
means  of  an  air  pump.  He  himself  made  use  of  the 
air  pump  in  transferring  gases  from  one  vessel  to 
another. 

Another  improvement  devised  by  the  French  chemist, 
consists  in  attaching  to  the  generating  vessel  an  acid 
container,  in  the  form  of  a   funnel,  from  which  the 
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Fig.  4.  Lavoisier's 
Acid  Funnel  with  Valve. 


flow  of  acid  is  regulated 
by  a  valve.  This  idea  is 
still  found  in  connection  with 
the  most  modern  mechanism 
for  the  production  of  carbonic 
acid  gas  (Fig.  5),  with  this 
difference,  that  the  valve  is 
now  operated  automatically, 
according  to  the  amount  of 
gas  entering  and  issuing  from 
the  gasometer. 


r 


=0 


Fig.  5. 


Jewsbury  &  Brown's  Patent  Automatic  Carbonic  Acid 
Gas  Apparatus. 


A. — The  gas  holder  containing  water.  K. — The  gas  inlet  from  the 
generator.  B. — An  open  vessel  having  free  communication  with  A,  and 
containing  water  upon  which  floats  the  ball  D.  C.  — The  acid  vessel  in 
which  is  a  valve  E  operating  according  to  the  rise  and  fall  of  the  water 
in  B,  which  in  its  turn  rises  and  falls  in  proportion  to  the  quantity  of  gas 
contained  in  the  upper  part  of  A.  F. — Acid  outlet  to  the  generator. 
H. — Gas  outlet  to  the  aerating  cylinder. 
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Bergman  in  his  earlier  work  aerated  the  water 
in  a  similar  manner  to  Priestley,  but  he  did  not 
apprehend  the  need  of  agitating  the  water  and  gas 
together  until  after  he  had  made  himself  acquainted 
with  Priestley's  work.  He  then  advanced  a  step 
beyond  his  instructor,  and  made  an  apparatus  by 
means  of  which  tolerably  large  quantities  of  aerated 
water  could  be  prepared  at  one  time.  In  the  event 
of  a  large  vat  of  fermenting  liquid  being  available, 
he  placed  in  the  upper  part  of  it  filled  by  the  gas, 
another,  smaller,  vessel  containing  water,  and  provided 
with  a  central  perpendicular  shaft,  to  which  were  attached 
wooden  blades  ;  these,  upon  being  rotated,  broke  up  the 
water  and  the  gas  and  brought  about  a  speedy  solution 
of  the  two.  The  idea  of  such  an  agitator  appears  to 
have  originated  with  the  Due  de  Chaulnes,  who  found 
that  by  its  means  he  could  saturate  about  fifteen  gallons 
of  water  with  carbonic  acid  gas  in  a  few  minutes. 

It  has  already  been  noticed  how  Lane  purified 
carbonic  acid  gas  from  acid  by  passing  it  through 
a  vessel  containing  pearl  ashes.  Bergman,  in  1774, 
suggested  that  the  gas  should  be  freed  from  sulphuric 
acid  by  passing  it  through  water,  and  Macquer,  a 
celebrated  French  chemist,  also  apprehending  the 
same  danger*  and  observing  that  the  gas  often  had  a 
foreign  odour,  which  varied  according  to  the  materials 
from  which  it  was  produced,  carried  out  a  process  of 
purification  by  passing  it  through  a  vessel  containing 
lime  and  water,  and  recommended  that  the  disengage- 
ment of  the  gas  should  be  allowed  to  take  place  slowly. 


Dictionnaire  de  Chimie.  1778. 
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An  ingenious  piece  of  apparatus  for  the  production 
of  small  quantities  of  aerated  water  was  the  subject 

of  a  communication  by  Dr. 
Nooth,  to  the  Royal  Society, 
in  1775.  The  gazogene,  as  he 
called  it,  consists  of  three  glass 
vessels  arranged  vertically.  The 
lowest  is  the  vessel  in  which  the 
gas  is  generated.  The  middle 
one  contains  the  water  to  be 
aerated,  and  is  separated  from 
the  lowest  one  by  a  plano- 
convex lens,  which  acts  as  a 
valve  by  permitting  the  carbonic 
acid  gas  to  rise  and  preventing 
the  water  from  running  into  the 
generator  when  effervescence  has 
ceased.  The  uppermost  part  is 
a  reservoir,  which,  at  the  begin- 
ning of  the  operation,  is  empty, 
but  during  the  process  receives, 
by  means  of  the  bent  tube  pass- 
ing down  into  the  aerating  vessel,  the  excess  of  water 
displaced  by  the  incoming  gas.  The  atmospheric  air  is 
allowed  to  escape  through  a  channel  in  the  stopper  at 
the  apex  of  the  apparatus.  In  five  or  six  hours  the 
water  becomes  strongly  impregnated  with  gas,  and 
it  may  be  then  drawn  off  by  the  projecting  tap. 
This    apparatus   was.  improved  by  Parker,*  and  the 

*  Parker,  whose  place  of  business  was  69,  Fleet  Street,  London, 
made  the  gazogenes  for  sale. 


Fig.  6. 
Nooth's  Gazogene. 
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form  figured  here  (Fig.  6)  is  as  it  left  his  hands. 
Magellan,  who  displayed  very  great  interest  in 
Priestley's  scheme,  still  further  improved  Nooth's  gazo- 
gene by  having  duplicates  of  the  two  upper  vessels 
and  a  wooden  block  upon  which  to  place  them.  He 
was  thus  enabled  to  submit  a  quantity  of  impregnated 
water  to  agitation  and,  at  the  same  time,  to  permit 
a  second  quantity  to  take  up  its  charge  of  gas  from 
the  generating  vessel.  In  this  way  he  claimed  to  be 
able  to  make  aerated  water  in  about  fifteen  minutes. 
He  used  a  measure  for  regulating  the  quantity  of 
chalk  or  marble  required,  and  a  wide  funnel  for 
putting  it  into  the  generating  flask.  He  also  suggested 
that  wine,  cider  and  beer  could  have  their  piquancy 
restored  by  aerating  them  in  this  apparatus.  Magellan, 
in  his  pamphlet,*  refers  to  a  machine  for  the  same 
purpose  devised  by  Mr.  Blunt  for  expediting  Priestley's 
method,  but  no  description  of  it  is  given. 

A  few  years  later,  Dr.  Withering  contrived  an 
apparatus  (Fig.  7)  which,  by  a  system  of  bladders  and 
stop  cocks,  allowed  of  the  gas  vessel  being  separated 
from  the  aerating  vessel  without  any,  or  but  little,  loss 
of  gas,  and  made  it  possible  to  agitate  the  partially 
aerated  water  under  pressure  of  gas  contained  in  the 
bilaterally  disposed  bladders. 

The  production  of  aerated  liquids  previous  to 
1 78 1  had  been  upon  a  very  small  scale,  and  the 
apparatus  used  was  only  adapted  for  the  most 
limited  requirements.    In  that  year,  Thomas  Henry,  an 

'^Description  of  a  Glass  Apparatus  for  making  Mineral  Waters. 
London,  1779. 
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apothecary  of  Manchester,  pubh'shed  a  description  of  an 
apparatus  with  which  he   was   able  to  aerate  ten  or 


Fig.  7.    Withering's  Aerated  Water  Apparatus. 

twelve  gallons  of  water  at  one  operation.  Practically, 
it  consisted  of  a  Nooth's  gazogene,  in  which  the  aerating 
vessel*  took  the  form  of  an  air-tight  cask  ;  between 

*  Henry  used  the  generator  of  a  Nooth's  gazogene  for  restoring 
the  piquancy  to  vapid  beers  and  wines.  The  generator  was 
first  charged  with  chalk,  water  and  sulphuric  acid,  and  then 
lowered  into  the  cask  containing  the  beverage  which  it  was 
desired  to  aerate.  The  production  of  aerated  bread  was  also 
anticipated  by  him  ;  he  made  an  artificial  yeast  from  a  mixture 
of  flour  and  water  ;  this  was  thickened  by  boiling,  and  afterwards 
impregnated  with  carbonic  acid  gas. 
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the  gas  generator  and  the  cask  there  was  interposed 
the  bladder  originally  proposed  by  Priestley.  With 
this  apparatus  Henry  made  carbonated  water,  Pyrmont 


Fig.  8.    Henry's  Apparatus. 


water,  Seltzer  water,  and  Mr.  Bewley's  mephitic  julep, 
upon  what  would  then  be  considered  a  wholesale 
scale.  The  formulae  used  by  him  are  given  in  his 
pamphlet,  and  upon  comparing  those  for  Pyrmont 
and    Seltzer    waters    with   those    of  Bergman  and 
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Duchanoy  *  whose  are  confessedly  based  upon  those 
of  Bergman,  it  will  be  seen  that  Henry  did  not 
make  any  addition  of  lime  salts.  The  recipes  are 
as  follows  : — 

"  The  Process  for  Making  Artificial  Pyrmont  Wafer. 
To  every  gallon  of  spring  water  add  one  scruple  of  magnesia 
alba,  thirty  grains  of  Epsom  salt,  ten  grains  of  common  salt, 
and  a  few  pieces  of  iron  wire,  or  iron  filings.  The  operation 
is  then  to  proceed  as  in  the  process  for  impregnating  water 
with  fixed  air ;  and  the  water,  if  intended  for  keeping,  must 
be  put  into  bottles,  closely  corked  and  sealed. 

The  Process  to  Make  Artificial  Seltzer  Water. 
Add   one   scruple   of  magnesia   alba,  six  scruples  of  fossil 
alkali  [soda],  and  four  scruples  of  common  salt  to  each  gallon 
of  water,  and  saturate  the  water,  as  above,  with  fixed  air. 

To  Prepare  Mr.  Bewleys  Julep. 

Dissolve  three  drams  of  fossil  alkali  [soda]  in  each  quart 
of  water,  and  throw  in  streams  of  fixed  air,  till  the  alkaline 
taste  be  destroyed,  and  the  water  have  acquired  an  agreeable 
pungency.  This  julep  should  not  be  prepared  in  too  large 
quantities,  and  should  be  kept  in  bottles  very  closely  corked 
and  sealed.  Four  ounces  of  it  may  be  taken  at  a  time, 
drinking  a  draught  of  lemonade,  or  water  acidulated  with  vinegar 
or  weak  spirit  of  vitriol,  by  which  means  the  fixed  air  will  be 
extricated  in  the  stomach." 

The  question  of  the  origin  of  "  soda  water "  has 
from  time  to  time  received  considerable  attention.  It 
would  be  a  matter  of  some  difficulty  to  ascertain 
with  certainty  who  was  the  first  to  use  the  name  ; 
but  the  evidence  of  contemporary  writers  clearK- 
points  to  Mr.  Richard  Bewley,  of  Great  Massingham, 
who  introduced  his  mephitic  julep  in  1767,  as  the 
one  to  whom  is  due  the   credit   of  first  conceiving 


Essais  sur  I' Art  iPimiier  les  Eaux  Mi7icralcs.     Paris,  17S0. 
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the  idea  of  aerating  a  solution  of  soda  with  carbonic 
acid  gas.  The  earliest  mention  of  "soda  water" 
appeared  about  1798,  in  which  year  Cavallo*  refers 
to  it  as  "acidulous  soda  water,  as  it  is  commonly 
called,"  and  again,  "the  soda  water  which  is  now 
prepared  and  sold  in  London  by  a  Mr.  Schweppe, 
contains  an  incomparably  greater  proportion  of  carbonic 
acid  gas."  From  the  foregoing  testimony  it  may  be 
safely  concluded  that  soda  water  was  invented  in  1767, 
and  had  received  its  present  name  before  1798. 

The  prevalence  of  the  sea-scurvy,  as  has  already  been 
seen,  was  the  cause  of  much  of  the  interest  shown  in  the 
aeration  of  water  with  carbonic  acid  gas.  Macbride, 
Priestley,  and  Henry  received  their  impulse  from  it  and 
communicated  their  enthusiasm  to  their  friends  and  fellow 
workers.  For  instance,  in  the  same  year  that  Henry 
published  the  description  of  his  apparatus  he  was  favoured 
with  the  particulars  of  another  for  the  same  purpose 
devised  by  Dr.  Haygarth,!  of  Chester.  The  distinctive 
features  of  this  were  the  separate  gas  reservoir,  the 
pump  which  took  the  form  of  a  pair  of  household 
fire  bellows,  and  a  connecting  pipe  between  the 
aerating  vessel  and  the  gas  reservoir  by  which  the 
excess  of  gas  was  returned  to  the  reservoir  (Fig.  9). 

*  An  Essay  on  the  Medicifial  Properties  of  Factitious  Airs, 
by  Tiberius  Cavallo,  F.R.S.     London,  1798. 

t  On  the  Preservation  of  Sea  Water  from  Putrefaction  by  Means 
of  Quicklime,  by  Thomas  Henry,  F.R.S.,  to  which  is  added  a?i 
Account  of  a  newly  iJivented  machine  for  Impregnati?ig  Water  or 
other  Fluids  with  Fixed  Air,  etc.,  communicated  to  Mr.  Henry  by 
J.  Haygarth,  M.B.,  F.R.S. ,  read  November  21st,  1781.  Memoirs  of 
the  Literary  and  Philosophical  Society  of  Manchester,  Vol.  I.  1785. 
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The  gas  and  water  vessels  had  a  capacity  of  four  gallons, 
and  were  made  of  tin.  Another  of  Henry's  associates, 
Mr.  James  Massey,  invented  a  piece  of  mechanism 
for  the  like  use  and  communicated  an  account  of 
it  to  the  Manchester  Literary  and  Philosophical  Society 
in   the   same  year  (1781)  of  Henry's  and  Haygarth's 


communications.  The  paper,  however,  was  not  pub- 
lished, perhaps,  as  Dr.  Angus  Smith  suggests,  because 
of  its  being  anticipated  by  Henry's  paper.  There 
is  reason  to  believe  that  Henry  actually  undertook 
the  manufacture  of  aerated  water  as  a  commercial 
enterprise  and  associated  himself  in  partnership  with  a 
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man  named  Thompstone  or  Thompson.  When  the 
partnership  was  dissolved,  early  in  the  nineteenth  century, 
Henry  reserved  to  himself  the  magnesia  business  and 
left  the  aerated  waters  to  Thompstone. 

In  1786  Carradori  applied  the  agitator  of  the  Due  de 
Chaulnes  to  Henry's  aerating  cask  and  attached  a  valve 
to  the  bladder  in  order  that  the  gas  should  not  be  forced 
back  into  the  generator.  In  all  essentials  the  aerating  vessel 
was  complete  at  this  stage ;  but  the  gasholder  required  a 
great  deal  of  improvement  before  it  could  be  said  to  be 
efficient,  and  the  methods  adopted  for  applying  pressure 
to  the  aerating  vessel  were  exceedingly  crude. 

The  stimulus  to  invention  was  surely  never  more 
wayward  than  in  the  case  of  James  Watt  and  his  device 
which  has  dotted  the  world  over  with  gasometers.  The 
sorrow  experienced  by  him  in  the  loss  of  his  daughter 
from  consumption,  induced  him  to  turn  his  thoughts  to 
the  administration  of  different  "airs"  for  the  cure  and 
alleviation  of  various  diseases — a  method  of  medication 
which  at  that  time  was  being  enthusiastically  tried  by 
Dr.  Beddoes,  of  Bristol,  and  some  of  his  friends,  among 
whom  was  Mr.  Wedgwood.  Writing  to  Beddoes  on 
June  17,  1794,  Watt  says: — 

"  Having  never  made  the  art  of  medicine  my  particular  study, 
I  should  not  have  troubled  you  with  my  crude  ideas  upon  the 
use  of  pneumatic  medicine,  if  your  approbation  of  what  I 
mentioned  to  you  (joined  to  my  earnest  desire  to  aid  your 
endeavours,  with  the  hope  that  possibly  some  idea  might  be 
stated  which  may  save  other  parents  from  the  sorrow  which 
has  unfortunately  fallen  to  my  lot)  had  not  urged  me  to  step 
over  the  bounds  of  my  profession.  It  appears  to  me  that  if 
it  be  allowed  that  poisons  can  be  carried  into  the  system  of 
the  lungs,  remedies  may  be  thrown  in  by  the  same  channel." 
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In  the  following  month  he  sent  to  Beddoes  drawings 
of  his  apparatus  for  producing  and  receiving  various  airs, 
and  afterwards  a  full  account  of  it  with  explanatory 
plates  was  published  by  him,  and  incorporated  with 
Dr.  Beddoes'  publications  upon  pneumatic  remedies.* 
The  part  of  this  apparatus  which  has  acquired  such 

importance  for  the  storing  of 
gases  is  the  hydraulic  bellows, 
or,  as  it  is  called  to-day,  the 
gasometer.  It  consists  of  an 
inner  inverted  vessel  suspended 
like  a  bell  within  an  outer  one 
containing  water.  The  inner 
vessel  moves  freely  up  and  down 
between  two  or  more  columns 
and  is  adjustable  by  means  of  a 
counterpoised  weight.  In  order 
to  diminish  the  amount  of  water 
requisite  for  making  the  water 
seal,  the  outer  vessel  is  made 
with  double  walls  within  which 
the  inner  vessel  slides. 

The    last    decade    of  the 
eighteenth     century    was  the 
Fig.  io.   Watt's        period  in  which  the  manufacture 
Hydraulic  Bellows.       of     artificial     mineral  waters 


*  Description  of  a  Pneumatic  Apparatus  with  directions  for 
producing  the  Factitious  Airs,  by  James  Watt,  Engineer. 

ConsidcratioJts  of  the  Medicinal  Use  and  on  the  production  of 
Factitious  Airs.  Part  I.,  by  Thomas  Beddoes,  M.D.  Part  II.,  by 
James  Watt,  Engineer.    Bristol,  I795- 
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became  of  commercial  importance.  About  1790,  a 
native  of  Geneva,  Nicholas  Paul*  whose  interest  in 
chemistry  and  mechanics  had  caused  him  to  turn 
his  attention  to  the  manufacture  of  artificial  mineral 
waters,  associated  himself  in  partnership  with  two 
others  named  Gosse,  a  pharmacist,  and  Schweppe. 
Whether  the  enterprise  was  financially  successful 
there  is  no  means  of  judging,  but  that  there  was 
a  large  demand  for  the  artificial  waters  may  be 
gathered  from  the  fact  that  ten  years  later  (1800) 
scarcely  any  mineral  waters  were  imported  into 
Geneva,  while  from  40,000  to  50,000  bottles  were 
exported  annually.  There  are  no  contemporary  records 
stating  the  method  of  aeration  used  by  Paul  at  this 
time.  The  waters  made  by  his  firm  secured  the 
approbation  of  the  medical  profession,  and  were  the 
subject  of  communications  by  M.  Pictet  and  Dr. 
Odier  to  the  Bibliotheque  Britannique,\  from  which 
it  appears  that  Schweppe  and  Gosse  severed  themselves 
from  the  firm  previous  to  1796.  The  former  came 
to  London  and  established  a  manufactory,  at  which 
mineral  waters  were  produced  of  such  excellence  as 
to  obtain  the  recommendation  of  Dr.  Rollo  (1797) 
and  Dr.  Cavallo  (1798).  Paul's  success  in  Geneva 
induced  him  in  1799  to  form  a  similar  establishment 


*  Paul  published  a  pamphlet,  dedicated  to  Count  Rumford, 
upon  the  estabUshment  of  his  manufactory  at  Villiers  Street, 
London,  in  1802.  In  it  he  gives  an  account  of  his  work  and 
extracts  from  reports,  letters,  and  other  publications  dealing 
with  his  mineral  waters  and  the  methods  of  their  production. 

\  Bibliotheque  Britan?iiqiie.    Geneva.    Volumes  7,  8  &  10. 
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in  Paris,  in  the  ci-devant  Hotel  d'Uzes,  rue  Montmartre, 
from  which  place  he  subsequently  removed  to  the 
rue  St.  Lazare.  In  November,  1799,  he  presented 
to  the  National  Institute  of  France  a  paper  on  the 
preparation  of  mineral  waters.  The  substance  of  this 
was  incorporated  in  the  report  of  a  commission* 
consisting  of  MM.  Portal,  Pelletan,  Fourcroy,  Chaptal 
and  Vauquelin,  who  were  appointed  by  the  National 
Institute  to  enquire  into  the  methods,  equipment  and 
products  of  Paul's  laboratory.  As  far  as  can  be 
gathered  from  the  report,  which  was  written  by 
Fourcroy,  Paul  seems  to  have  availed  himself  of  all 
the  various  appliances  which  from  time  to  time  had 
been  suggested  for  the  aerating  of  water.  The  most 
important  of  these  was  undoubtedly  the  pump  (la 
machine  de  compression ),  the  structure  of  which  was 
not  made  known  even  to  the  commission.  The  idea 
was  not  a  novel  one,  both  Lavoisier  and  Priestley 
having  previously  proposed  it,  but  Paul  was  the  first 
to  make  the  application  of  it,  and  in  so  doing  succeeded 
in  founding  two  firms  whose  reputation  has  not  yet 
become  eclipsed.  Paul  obtained  the  carbonic  acid 
gas  by  the  action  of  sulphuric  acid  upon  chalk,  and, 
for  some  waters,  from  chalk  by  means  of  heat.  The 
washed  and  purified  gas  was  conve3''ed  into  strong 
casks,  where  it  was  dissolved  in  the  filtered  water  by 
the  aid  of  agitation  and  pressure.  There  is  nothing 
in  Fourcroy's  description  to  warrant  the  conjecture 
that  Paul's  pump  was   constructed   so    as    to  pump 


*  Annates  de  Chimie.    Tome  33.    An  VIII.  (1800). 
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water  as  well  as  gas,  after  the  manner  figured  by 
some  writers  and  called  by  them  the  Geneva  apparatus. 
Hydrogenated  and  oxygenated  waters  in  addition  to 
mineral  and  alkaline  waters  were  made  by  Paul. 
These  all  received  the  commendation  of  the  commis- 
sion, who,  in  addition,  offered  various  suggestions  for 
improving  the  quality  and  usefulness  of  the  waters. 
In  particular  they  recommended  that  the  carbonate 
of  lime  should  be  eliminated  from  the  formulce  in 
which  it  had  hitherto  found  a  place.  Another  improve- 
ment initiated  by  Paul  was  the  use  of  glass  bottles 
in  place  of  earthenware  ones,  which  latter  he  found 
to  be  too  porous  when  subjected  to  the  increased 
pressure  of  gas  they  had  to  withstand  when  filled 
with  water  aerated  by  his  machinery.  The  production 
of  aerated  waters  henceforth  called  for  two  distinct 
classes  of  apparatus,  the  one  including  machinery 
suitable  for  their  manufacture  upon  a  scale  commen- 
surate with  a  general  public  demand,  and  the  other, 
apparatus  adapted  for  the  aeration  of  small  quantities 
of  liquid  for  use  in  the  family,  or  to  meet  the 
special  requirements  of  the  individual  physician  or 
pharmacist. 

Paul's  pamphlet  may  be  taken  as  adequately 
setting  forth  the  methods  and  scope  of  the  manufacture 
of  aerated  waters  in  1802.  The  various  waters 
made  by  him  were  Seltzer  water,  Spa  water,  gaseous 
alkaline  water,  Seidlitz  water,  oxygenated  water, 
hydrogenated  water,  hydrocarbonated  water,  hydrosul- 
phurated  water,  Vichy  water,  Bussans  water,  Vals  water, 
Contrexeville  water,  Balarne  water,  Plombieres  water,. 


8o        ARTIFICIAL  MINERAL  WATERS 


and  Bareges  water.  In  each  case  the  salts  were  put 
into  the  bottles  and  the  carbonated  water  was  added 
afterwards.  Magellan  and  Henry  had  suggested  the 
aeration  of  cider  and  beer,  but  the  manufacture  of 
aerated  table  beverages  other  than  these  does  not 
seem  to  have  occurred  to  anyone  at  that  time. 

In  1809  there  was  granted  to  William  Francis 
Hamilton  a  patent  for  "  a  new  mode  of  preparing  soda 
and  other  mineral  waters,  spirituous,  acetous,  saccharine, 
and  aromatic  liqueurs,  and  sundry  improvements  relative 
thereto."  Hamilton  used  "  various  solutions  of  alkalies, 
salts,  &c.,  and  combinations  of  ardent  spirits,  vegetable 
acids,  aromatic  oils,  sugars,  mucilage,  &c.,  for  saturation 
and  supersaturation  with  carbonic  acid."  His  claim 
covered  almost  the  whole  field  of  carbonated  beverages, 
and  it  was  scarcely  less  comprehensive  in  respect  of  the 
machinery.  We  find  from  the  particulars  given  in  this 
specification  and  in  a  subsequent  one,  for  which  a  patent 
was  granted  in  18 14,  that  he  used  a  pump  which  injected 
water  as  well  as  carbonic  acid  gas  into  the  aerating  vessel ; 
the  aerating  vessel  was  made  of  copper  lined  with  tin,  or 
china,  or  pottery,  or  precious  metals,  or  glass.  All  the 
other  parts  of  the  apparatus  in  contact  with  the  liquid 
could  be  lined,  if  necessary,  with  the  same  materials. 
The  bottles  were  egg-shaped.  Provision  was  made  for 
the  escape  of  atmospheric  air  from  the  bottle,  and 
the  liquid  was  saturated  at  a  pressure  of  120  pounds 
to  the  square  inch.  In  order  to  maintain  the  low 
temperature  necessary  to  ensure  the  liquid  taking  up 
a  good  charge  of  gas,  the  aerating  vessel  was  sus- 
pended in  a  reservoir  filled  with  water.     Agitation  of 
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the  liquid  and  gas  was  effected  by  communicating  an 
oscillating  movement  to  the  aerating  vessel  by  means 
of  a  rod  attached  to  an  overhead  crank  shaft. 


Fig.  II.    Hamilton's  Continuous  Action  Aerated  Water  Machine. 


82        ARTIFICIAL  MINERAL  WATERS 


Hitherto  it  had  been  necessary  to  stop  the  process 
of  aeration  in  order  to  refill  the  aerating  vessel  when 
it  became  empt}\  This  intermittent  operation  was  a 
serious  disadvantage,  and  Hamilton's  improved  pump, 
making  the  process  a  continuous  one,  was  so  greatly 
appreciated  that  he  seems  to  have  had  but  little 
difficulty  in  disposing  of  his  machine,  and  the  rights 
involved,  for  £600.  In  addition  to  making  the  process  a 
continuous  one,  Hamilton's  apparatus  effected  other 
improvements  of  very  considerable  value.  It  made  it 
possible  to  maintain  a  uniform  pressure  of  gas  in  the 
aerating  cylinder,  as  well  as  a  readily  adjustable  supply  of 
gas  and  water,  and  it  effected  a  considerable  saving  in 
the  quantity  of  gas  used. 


Fig.  12.    A.— Bramah's  First  Continuous  Machine. 

B.— Side  View  of  Pump  and  Aerating  Cylinder. 
(Hayward  Tyler  &  Company.) 
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The  next  improvement  was  carried  out  by  Joseph 
Bramah  (Fig.  12),  who  adopted  Watt's  hydrauHc  bellows 
for  a  gas-holder  and  rearranged  Hamilton's  mechanism 
so  as  to  include  the  agitator  of  the  Due  de  Chaulnes. 
Although  Bramah  does  not  appear  to  have  introduced 
the  apparatus  into  France  himself,  yet  the  close  similarity 
existing  between  it  and  those  which  were  soon  after  in 
use  in  Paris  impels  one  to  believe  that  the  French 
ones  were  copies  of  his. 


Fig.  13.    Early  French  Continuous  Machine. 


Bramah's  machine  remains  the  type  of  almost  all 
the  best  machines  in  use  at  the  present  day,  as  will 
be  seen  by  comparing  the  illustrations  of  the  machines 
of  the  different  periods. 

The  application  of  the  compression  pump  became 
quite  common  early  in  the  nineteenth  century  and 
found  a  place  in  the  smaller  pieces  of  apparatus  designed 


METHODS  OF  MAKING 


85 


for  the  use  of  pharmacists.  As  an  example  of  these, 
mention  ma}^  be  made  of  one  designed  by  L.  A.  Planche  * 


Fig.  15.    Planche's  Mineral  Water  Apparatus. 


* Essai  sur  les  Eaiix  Minerales  naturelles  et  artijicielles^  E.  J.  B. 
Bouillon-Lagrange,  Paris,  181 1.  P/iarmacopce  Gencrale,  L.  V. 
Brugnatelli,  translated  from  ihe  Italian  by  L.  A.  Planche,  Pai'is,  181 1. 
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It  consisted  of  a  tinned  copper  cylinder,  in  which  the 
water  was  aerated,  having  a  perforated  false  bottom 
and  surmounted  by  a  pump  provided  with  a  lateral 
tube  and  stop-cock  to  which  was  attached  a  bladder 
filled  with  carbonic  acid  gas.  Upon  working  the 
piston  of  the  pump  the  gas  was  withdrawn  from  the 
bladder  and  forced  down  a  central  tube  in  the  aerating 


Fig.  1 6. 


Planche's  Carbonic  Acid  Gas  Generator  and  Purifier, 
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vessel  into  the  chamber  between  the  true  and  false 
bottoms ;   here  upon  being  disengaged  it  was  broken 


Fig.  17,    Planche's  Carbonic  Acid  Gas  Reservoir. 

Up  into  small  globules  by  means  of  the  perforations  in 
the  false  bottom. 
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For  charging  the  bladders  with  gas  a  generator 
consisting  of  two  Woulfif's  bottles  (Fig  i6)  was  used. 
The  first  of  these,  containing  the  chalk  and  dilute 
acid,  was  provided  with  a  central  agitator  fastened  to 
the  upper  part  of  the  vessel  by  a  loosely  attached 
bladder.  The  second  bottle  was  half  filled  with  water 
for  the  purpose  of  washing  the  gas  before  it  passed 
into  the  bladder. 

In  cases  where  it  was  necessary  to  keep  a  suppl)-  of 
carbonic  acid  gas  at  hand,  Planche  used  as  a  reservoir 
a  Woulff 's  bottle  with  two  vertical  tubulures  and  a  hori- 
zontal lateral  one  (Fig.  17).  The  two  upper  tubulures 
were  used  for  the  entrance  of  water  and  for  the  exit  of 
the  gas,  and  the  lower  lateral  one  for  the  inlet  of  the 
gas  and  the  escape  of  the  water  displaced  by  the  gas. 
This  apparatus  was  based  upon  one  previously  devised 
by  Pepys,  junr.  ;  but  the  idea  was  due  in  the  first 
instance  to  Watt,  whose  air  holder,  which  formed  a 
part  of  the  small  pneumatic  apparatus  made  for 
Dr.  Beddoe's  treatment,  it  agrees  with  in  all  essentials. 
Planche's  vessel  gained  in  convenience  by  being  made 
of  glass  and  by  having  a  graduated  scale. 

In  this  country  Bramah's  machine  has  been  accepted 
as  the  final  mechanical  expression  of  the  aeration  of 
liquids  with  carbonic  acid  gas,  although  from  time  to 
time  engineers  have  attempted  to  give  a  personal  impress 
to  their  productions  by  adopting  different  designs  and 
arrangements  for  the  constituent  parts  of  the  apparatus. 
It  is  generally  recognised  that  to  have  a  truly  continuous 
machine  the  Bramah  pump  is  indispensable.  Attempts 
have  been  made,  particularly  in  France,  to  dispense  with 
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the  gasometer  and  with  the  pump ;  but  such  machines 
are  now  obsolete.  Of  these,  perhaps  the  best  known  was 
the  one  invented  by  Savaresse,  senr.  The  installation 
certainly  effected  great  economy  in  space,  as  the  whole 
of  it  was  mounted  on  one  bench,  the  gas  generator  being 
at  one  end  and  the  bottling  apparatus  at  the  other.  The 


Fig.  18.    Savaresse's  Machine. 


gas  passed  upwards  from  the  generator  through  two 
purifying  vessels,  the  second  of  which  bore  a  manometer, 
and  thence  along  a  tube  entered  the  side  of  a  cylindrical 
aerating  vessel  upon  trunnions,  which  could  be  easily 
oscillated ;  in  this  way  the  water  and  gas  were  intimately 
mixed  together. 
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Savaresse,  junr.,  recognised  the  disadvantage  arising 
from  the  intermittent  action  of  the  machine,  and  had 
recourse  to  a  second  oscillating  cylinder  to  overcome  the 
difficulty.    For  this  improved  machine  a  patent  was 


Fig.  19.    Savaresse's  Improved  Machine. 


taken  out  in  this  country  in  1838  by  Miles  Berry  on 
behalf  of  a  foreigner,  who  was,  presumably,  M.  Savaresse. 
The  aperture  for  the  outlet  of  the  carbonated  liquid  was 
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constructed  so  as  to  permit  of  the  filling  of  the  syphon 
vessels  which  had  been  recently  introduced.  Another 
oscillating  machine,  which  is  said  to  have  been  invented 
by  J.  C.  Thilorier  (Fig.  21),  contained  the  gas  generating 
and  purifying  vessels  in  the  centre  of  the  carbonating 


Fig.  20.    Filling  Syphon  from  a  Savaresse's  Machine. 

cylinder;  it  was  charged  with  water  and  with  the  gas 
producing  materials  when  in  an  inverted  position. 
Aeration  did  not  proceed  until  the  vessel  was  restored 
to  its  original  position. 

An  intermittent  apparatus  was  invented  early  in 
the  nineteenth  century,  and  is  ascribed  by  some 
authors  to  Ozouf,  and  by  others  to  Hammer.  The 
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carbonating  chamber  of  this  is  situated  above  the 
generator,  and  the  latter  contains  in  its  upper  portion 
two  gas  purifying  vessels.  The  peculiarity  of  this 
machine  is  that  it  obviates  the  loss  of  carbonic  acid 


Fig.  21.    Thiloriei-'s  Carbonator. 


gas  which  other  intermittent  machines  experience  ; 
this  end  is  accomplished  by  pumping  water  into  the 
aerating  vessel  by  means  of  the  pump  seen  in  front 
of  the  apparatus  (Fig.  22).  The  vertical  disposition  of 
generator  and  aerating  vessel  was  revived  at  a  much 
later  date  as  is  seen  in  Francois'  apparatus  (Fig.  23). 

In  1823  F.  A.  Struve,  in  conjunction  with  E.  S. 
Swaine,    took    out   a    patent   for   an    installation  of 
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machinery  for  "  producing  and  preserving  artificial 
mineral  waters."  The  parts  of  the  apparatus  do  not 
differ  in  any  essential  feature  from  those  already  referred 
to  with  the  exception  that  prominence  is  given  to  a  gas 
meter  used  for  measuring  the 
quantity  of  gas  passed  into  the 
reservoir,  and  the  gas  is  puri- 
fied by  causing  it  to  bubble 
through  a  solution  of  a  salt  of 
barium.  The  notion  of  measur- 
ing the  gas  had  been  antici- 
pated by  Paul,  who,  we  are 
told,  possessed  some  means  of 
carrying  out  this  detail. 

Of  portable  machines  for 
the  manufacture  of  carbonated 
liquids  by  uniting  the  gene- 
rating and  aerating  vessels, 
the  first  seems  to  have  been 
invented  by  F.  C.  Bakewell 
(Figs.  24,  25)  in   1832,  and 

subsequently  improved  by  him.  It  consisted  of  a  single 
vessel  supported  upon  trunnions,  and  divided  into  two 
compartments.  The  lower  portion  was  again  divided  so 
as  to  receive  separate  charges  of  sodium  bicarbonate  and 
dilute  sulphuric  acid,  from  which  the  gas  was  obtained 
when  the  acid  was  made  to  overflow  through  a  small 
aperture  into  the  lower  chamber  in  which  was  the 
carbonate.  The  gas  ascended  through  a  tube,  bent 
twice  upon  itself,  into  the  liquid  in  the  upper  compart- 
ment    The  apparatus  was  surmounted  by  a  pressure 


Fig.  22.    Ozouf  s  or 
Hammer's  Vertical  Apparatus. 
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Fig.  23.    Francois'  Vertical  Aerating  Machine. 
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gauge  indicating  up  to  five  atmospheres,  at  whicli 
pressure  the  liquid  was  charged  with  gas.  In  order  to 
protect  the  aerated  fluid  from  metallic  contamination 
the  apparatus  was  lined  with  earthenware. 


Fig.  24.    Bakewell's  Patent  Portable 
Aerating  Apparatus. 

Since  the  time  of  Bakewell,  the  gazogene  has 
been  greatly  simplified,  especially  by  G.  D.  Fevre, 
who  took  out  an  English  patent  in  185 1.  The  two 
chambers  are  still  superimposed,  but  the  generating 
vessel  is  now  the  uppermost,  and  the  amount  of  gas 
liberated  is  regulated  by  using  suitable  proportions 
of  sodium  bicarbonate  and  tartaric  acid  for  a  given 
quantity  of  liquid.      The  use  of  solid  substances  for 
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producing  the  gas  is  a  great  advantage,  as  they  can  be 
put  together  into  the  same  vessel  without  interaction 
previous  to  allowing  a  small  quantity  of  water  to 
pass  into  the  generator  from  the  aerating  chamber. 
Other  types  of  gazogenes  which  have  found  favour 
are  Briet's,  Bocquet's,  Villiet's,  Veissiere's,  Guerin's, 
Rousselle's  and  Poncelin's.  It  is  worthy  of  notice  that 
Villiet  used  in  the  place  of  tartaric  acid  the  acid 
sulphate    of   alumina   made   up  into  cartridges,  and 

Rousselle  used  the  acid  sulphate 
of  soda.  The  gazogene  Poncelin 
was  intended  for  the  aeration 
of  a  beverage  in  the  drinking 
glass.  The  glass  vase  contained 
a  mixture  of  bicarbonate  of  soda 
and  water,  to  which  was  admitted 
dilute  sulphuric  acid,  or  a  solu- 
tion of  tartaric  acid,  from  the 
superimposed  globe  by  way  of 
the  intervening  stop-cock.  In 
this  way  a  supply  of  carbonic 
acid  gas  at  the  ordinary  pressure 
could  be  passed  at  pleasure  into 
the  liquid  in  the  drinking  glass. 
A  notable  improvement  of  the  gas  generator  in 
large  machines  was  effected  by  A.  A.  Mondollot,  who, 
about  1870,  united  the  generator  and  gasometer  in 
one  vessel  in  such  a  manner  that  when  the  latter  holds 
a  sufficiency  of  gas  it  buoys  up  the  carbonate  and 
causes  the  dilute  sulphuric  acid  to  recede  so  as  to  be 
beyond  each  other's  action.      By  this  means  the  gas 


Fig.  26. 

Poncelin. 


Gazogene 
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is  only  liberated  in  quantities  to  meet  the  actual  needs 
of  the  machine,  and  thus  answers  the  same  ends  as 
Jewsbury  &  Brown's  mechanism,  (Fig.  5,  page  66), 
which,  however,  is  adapted  to  the  requirements  of  a 
large  establishment. 


Fig.  27.    Mondollot's  Mineral  Water  Apparatus. 


In  later  years  a  large  variety  of  machines  have 
been  devised  in  this  country  as  well  as  on  the 
continent  of  Europe  and  in  America,  with  a  view  to 
the  more  expeditious  production  of  well  carbonated 
mineral  waters.  The  rapid  aeration  of  the  liquid  is 
in  some  cases  effected  by  spraying  the  water  into  the 
carbonating  vessel.  In  a  very  large  number  of  manu- 
factories the  condensed  carbonic  acid  gas  is  used  and  the 
aerating  machinery  is  much  simplified  in  consequence. 
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As  the  pump  is  not  adapted  for  the  injection  of  saccharine 
fluids  into  the  carbonating  vessel,  it  is  customary  to  put 
the  flavoured  syrups,  such  as  for  lemonade,  into  the 


Fig.  28.    Modern  Intermittent  Aerating  Machine  with 
Tube  of  Condensed  Carbonic  Acid  Gas. 
(Hay ward  Tyler  &  Co.) 

bottles  before  filling-  them  with  the  carbonated  water. 
A  mechanical  means  of  doing  this  is  a  feature  of  all 
bottling  machines  ;  but  the  practice,  now  so  common,  of 
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aerating  beverages  having  a  saccharine  basis  in  bulk, 
has  necessitated  a  return  to  the  intermittent  machines 
of  an  earlier  day.  It  is,  therefore,  quite  usual  to  find 
continuous  and  intermittent  machines  at  work  side  by 
side. 


lOO 


Origin  and  Development  of  the 


When  mineral  waters  were  first  dispatched  to  a 
distance  from  the  springs,  earthenware  receptacles  were 
generally  used  as  containers,  doubtless  because  it  was 
found  that  the  glass  bottles  of  that  day  were  not 
sufficiently  strong  to  withstand  the  pressure  of  the 
carbonic  acid  gas  liberated  by  shaking,  and  expanded 
by  the  increase  of  temperature,  which  could  not  alwa}-s 
be  avoided.  These  were,  however,  defective  in  one 
respect,  they  were  not  always  impervious  to  the 
gas,  consequently  the  contents  frequently  lost  their 
sparkling  qualities  and  became  "  flat."  This  defect 
was  greatly  increased  upon  the  introduction  of 
machinery  for  the  manufacture  of  factitious  waters, 
which  were  much  more  highly  aerated  than  the 
natural  ones.  So  serious  was  the  trouble  that  Paul 
used  glass  bottles,  probably  of  much  greater  substance 
than  ordinary  bottles,  and  of  the  oval  shape  which 
is  now  so  familiar.  This  shape  was  adopted  for 
reasons  which  are  still  quite  valid ;  bottles  of  this 
shape  must  lie  on  their  side,  and  the  corks  thus 
being  always  moist  are  prevented  from  shrinking  and 
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allowing  the  gas  to  escape ;  and  by  inclining  them 
at  a  suitable  angle  they  can  be  opened  with  greater 
ease  and  with  less  risk  of  discharging  the  contents 
than  bottles  of  any  other  form.  The  chief  drawback 
to  their  use  is  that  a  portion  of  the  contents  cannot 
be  reserved  for  another  occasion  because  there  is  no 
convenient  means  of  re-corking  them.  The  idea  of 
preserving  aerated  waters  in  a  reservoir  which  would 
deliver  a  portion  of  its  contents  at  different  times 
seems  to  have  occurred  first  to  Charles  Plinth,  who 
patented  his  "Regency  portable  fountain"  in  1813. 
This  was  a  vessel  identical  in  construction  with  the 
fountains  then  so  common,  of  which  the  motive  force 
was  compressed  atmospheric  air.  Plinth  substituted 
carbonic  acid  gas  for  air  in  his  apparatus.  It  consisted 
of  a  vessel  with  a  tube  passing  from  an  opening  in 
the  top  almost  to  the  bottom ;  the  upper  part  of 
the  tube  was  furnished  with  a  stop-cock  and  delivery 
tube,  from  which  the  water  was  drawn  off  under 
pressure  of  the  carbonic  acid  gas.  The  only  essential 
difference  between  Plinth's  apparatus  and  the  modern 
syphon  is  that  he  used  a  stop-cock,  whereas  a  valve 
operated  by  a  spring  is  now  used  for  closing  the 
vessel. 

In  order  to  preserve  part  of  the  contents  of  a 
bottle  of  an  effervescing  liquid  for  future  use,  MM. 
Deleuze  and  Dutillet,  jewellers,  of  Paris,  invented  a 
combination  corkscrew  and  bottle,  for  which  they  were 
granted  a  patent  in  1829.  This  siphon  diainpenois,  as 
they  called  it,  consisted  of  a  hollow  corkscrew,  which 
was   passed    through  the    cork    into  the  bottle ;  the 
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upper  part  of  the  screw  terminated  in  a  vertical  tube 

bearing  a  more  or  less  horizontal 
spout  In  the  tube  was  placed 
a  lever,  operating  a  valve,  which, 
when  opened,  the  bottle  being 
tilted,  gave  exit  to  the  liquid 
under  pressure  of  the  contained 
gas. 

Not  until  1837  did  the  siphon 
of  Deleuze  and  Dutillet  and  the 
fountain  of  Plinth  undergo  the 
combination  necessary  to  con- 
vert them  into  the  syphon.  In 
that  year  Savaresse  pere,  under 
the  name  of  Antoine  Perpigna, 
was  granted  a  patent  in  Paris 
for  a  vase  sypho'ide,  and  in  the  following  year  a  patent 
was  taken  out  for  the  same  article  by  Miles  Berry,  on 


Fig.  29. 

Siphon  Champenois  of 
Deleuze  and  Dutillet. 


Fig.  30.     Savaresse's  Vase  Siphoide. 


behalf  of  "  a  foreigner  residing  abroad."  In  this  way 
the  syphon  made  its  appearance  in  England.  The  vase 
was   made  of  metal,  glass,  china  or  stoneware.  The 
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Fig.  31. 
The  Mechanism  of 
the  Head  of  the 

Vase  Siphoide. 


head  of  the  syphon  was  hollow 
and  contained  a  piston,  pressed 
down  by  a  spring  into  close  contact 
with  the  upper  end  of  the  tube 
passing  to  the  bottom  of  the  vase. 
By  depressing  the  lever  (Fig.  31) 
the  piston  was  raised  and  the  liquid 
under  pressure  of  the  gas  was 
expelled  by  way  of  the  tube  and 
spout.  The  screw  at  the  top  of 
the  head  was  used  for  adjusting  the 
tension  of  the  spring. 


Fig.  32.     Examples  of  Savaresse's  "  Lever    and  "Push-top" 

Syphons. 
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Savaresse's  syphon  was  sometimes  made  of  a 
very  large  size  ;  copper  vases  holding  as  much  as  ten 
litres  were  at  a  later  period  offered  for  sale  at  a 
price  of  fifty-five  francs.  M.  Philibert  Savaresse 
carried  on  the  work  of  his  father  and  in  1842  and 
1845  was  granted  patents  for  improved  syphons.  In 
some  of  these  the  lever  was  dispensed  with  and  the 
spring  was  depressed  by  direct  pressure  ;  these  became 
known  as  "  push-top "  syphons.  In  another  variety 
it  is  found  that  the  piston  and  spring  operate 
horizontally  instead  of  vertically. 


Fig.  33.     Savaresse's  Improved  Syphons. 


It  was  in  1845  that  Savaresse  fib  appears  to  have 
first  substituted  the  name  syphon  for  vase  siphoide. 
Others  besides  the  above  named  workers  were  occupied 
with  the  same  subject  as  appears  from  a  patent 
granted  to  Mayo  and  Warmington,  in  1843  : — "  Improve- 
ments in  the  manufacture  of  aerated  liquors  and  in 
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vessels  used  for  containing  aerated  liquors,  communi- 
cated to  us  by  a  certain  foreigner  residing  abroad." 
The  material  adopted  for  the  vase  was  stoneware, 
because  of  its  cheapness  and  strength.  Two  methods 
of  working  the  valve  in  the  head  were  protected  ; 
in   one   of  these   it   was    retained  in  position  on  a 


Fig.  34.     Mayo  and  Warmington's  Syphons. 


projecting  ridge  by  a  spring  placed  above  it  ;  when 
the  aerated  liquid  was  to  be  discharged,  the 
valve  was  depressed  by  means  of  an  over-riding 
lever ;  in  the  other,  the  motive  power  was  a  thumb 
screw,  which  raised  the  valve.  The  capacity  of 
the   syphon   vase   was   forty   ounces.     Before  use  it 
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was  submitted  to  the  test  of  an  internal  pressure 
of  twenty  atmospheres  ;  but  in  filling  it  a  pressure 
of  only  ten  atmospheres  (150  pounds)  was  used. 
Three  excellent  accessories  were  also  introduced  by 
Mayo  &  Co.,  with  a  view  to  increase  its  usefulness. 


On  an  Earthenware  '  In  an  Ice  Pail.  In  a  Porous  Cooler. 

Stand. 

Fig.  35.     Mayo  &  Company's  Syphons. 


One  of  these  was  an  earthenware  stand  to  prevent 
the  drippings  from  the  spout  soiling  the  tablecloth. 
The  other  two  were  for  cooling  the  aerated  liquid, 
which  was  effected  in  one  case  by  putting  the 
syphon  into  a  porous  stoneware  cooler,  filled  with 
water,  from  the  surface  of  which  the  water  evaporated, 
causing  a  diminution  of  temperature ;  in  the  other 
case,  a  similar  but  larger  vessel  was  filled  with  ice 
instead  of  water. 

Mayo  &  Warmington's  specification  also  covers  a 
vessel  for  containing  aerated  waters,  which  it  would 
not  be  correct  to  designate  a   syphon,  inasmuch  as 
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its  peculiarity  consists  in  not  possessing-  a  syphon  tube. 
The  valve  outlet  is  situated  at  the  bottom,  and  conse- 
quently is  always  below  the  surface  of  the  liquid,  which 

is  forced  out  under 
pressure  of  the  car- 
bonic gas  when  the 
lever  is  depressed. 
An  escape  of  gas 
from  the  vessel  is 
prevented  by  this 
means. 

The  same  diffi- 
culty was  dealt  with 
by  James  Murdoch 
(1844)  on  very 
similar  lines,  but 
instead  of  adapting 
a  syphon  head  to 
the  opening  at  the 
foot  of  his  vessel 
he  used  a  stop-cock, 
and  in  a  variation 
of  his  invention 
carried  a  discharge  tube  up  the  outside  of  the  vessel, 
and  placed  a  stopcock  on  this  (Fig.  37). 

So  great  was  the  convenience  experienced  in  dealing 
with  aerated  liquids  when  in  vessels  from  which  they 
could  be  withdrawn  by  means  of  a  valve  and  spring, 
that  numerous  adaptations  of  the  idea  became  prevalent. 
We  find  that  Thomas  Masters  was  granted  a  patent 
(1848)  for  a  number  of  articles,  such  as  taps,  cocks, 


Fig.  36.     Mayo  &  Warmington's 
Carbonated  Water  Reservoir. 
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valves,  and  self-acting  vent  pegs,  which  were  applicable, 
not  only  to  bottles  and  other  like  vessels,  but  also  to 
casks. 


Fig.  37.    Murdoch's  Vessels  for  Aerated  Waters. 


Many  other  persons  besides  those  mentioned 
followed  in  the  footsteps  of  the  MM.  Savaresse,  and 

a  large  amount  of  ingenuity 
was  expended  upon  devising 
novelties  in  syphons.  It  was 
not,  however,  until  about  1855 
that  two  of  the  most  important 
and  abiding  improvements  were 
made.  Marie  &  Cie,  of  Paris, 
introduced  a  syphon  top  with 
a  short  lever,  which  was  the  pro- 
totype of  the  modern  short  lever 
syphon,  and  the  Comte  de 
Fontainemoreau  and  George 
Rogers  patented — in  both  cases 


Fig.  38.    Marie's  Short 
Lever  Syphon. 
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the  communication  being  made  to  them  by  a  foreigner 
—the  present  method  of  fastening  the  top  to  the  vase 
without  the  aid  of  cement.  They  used  a  bottle 
"  made  with  a  groove  round  the  neck,  into  which  is 
fitted  a  ring  of  metal,  or  other  suitable  material,  divided 
into  two  or  more  segments,  which  ring  forms  a  shoulder 
for  securing  a  screwed  collar."  In  1852,  Joret  had 
succeeded  in  fastening  the  head  to   the   vase  in  an 


improved  manner ;  but  he  had  done  it  by  clamping 
it  with  a  downward  set  screw.  His  siphon-omnibus 
was,  however,  of  the  gazogene  type  of  apparatus,  being 
charged  by  having  the  effervescing  salts  put  directly 
into  it. 

The  long  lever  syphon  with  the  spring  placed 
above  the  fulcrum,  came  into  use  on  the  initiative 
of  M.  Ozouf  in  1866.     The  chief  difference  between 


Fig.  39. 
Joret's  Siphon-omnibus. 


Fig.  40. 
Ozouf  s  Long  Lever  Syphon. 
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this  syphon  and  the  long  lever  syphon  of  to-day  is 
that  in  the  former  the  vahe  consists  of  a  metal 
cone  seated  on  a  rubber  ring,  and  in  the  recent 
pattern  the  rubber  is  sunk  in  the  metal  \-ahe  and 
closes  over  a  metal  seating. 


Fig.  41.      Vases  Siphoides  of  Hammer. 


Fig.  42. 
Leroy's  Syphon 
attached  to  an 
Ordinary  Bottle. 


Fig.  43. 
Briet's  Syphon 
enclosed  in 
Wickerwork. 


Syphons  of  many  different  patterns  were  in  use 
about  that  period,  of  which  the  chief,  besides 
Savaresse's,  were  Hammer's,  Leroy's,  Francois',  Martin's 
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(in  which  the  metal  head  was  made  to  screw 
directly  on  to  the  glass  neck),  Beltzung's,  Briet's 
and  Veissiere's. 

Among  the  recent  improvements  made  in  this 
useful  article,  notice  should  be  taken  of  the  enlarged 
outlet  invented  by  Bailey  in  1871,  and  by  Durafort 
in  the  following  year ;  this  was  devised  for  the 
purpose  of  moderating  the  flow  of  the  liquid  and 
preventing  it  from  losing  the  carbonic  acid  gas  so 
readily.  At  a  later  date  (1879),  L.  Vallet  tried 
to  effect  the  same  purpose  by  reducing  the  diameter 
of  the  syphon  tube  and  by  contracting  the  lower 
orifice  of  the  tube  until  its  diameter  was  reduced  to 
about  a  fourth. 

The  danger  arising  from 
the  metallic  contamination 
of  waters  in  vessels  having 
metal  mountings  has  been 
guarded  against  in  several 
ways,  more  particularly  by 
having  all  the  metal  fit- 
tings made  of  pure  tin. 
In  order,  however,  to  pro- 
tect the  waters  from  taking 
up  even  this  metal  James 
Wills  (188 1),  of  New  York, 
and  E.  Musitzky  (1882), 
coated  the  inside  of  the 
syphon  heads  with  glass 
or  vulcanite,  and  at  a  later  date  (1888)  patents  were 
granted  to  Continental  firms  and  to  Eugster  &  Koertgen, 


Fig.  44. 
Section  of  a  Syphon  Head 
showing  attachment   of  the 
Glass  Tube  to  the  Metal  Cup. 
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of  London,  for  syphon  heads  lined  with  porcelain  and 
fitted  with  vulcanite  valves.  The  metallic  part  which  is 
most  constantly  in  contact  with  the  liquid  is  the  flanged 
cup  supporting  the  syphon  tube.  This  remained  un- 
improved until  Jewsbury  &  Brown  displaced  the  metal 
cup  and  adopted  a  continuous  glass  tube. 

An  interesting  development  of  the  syphon  is  an 
adaptation  which  has  made  it  possible   to  aerate  the 

contents  of  the  syphon 
directly  by  means  of  con- 
densed carbonic  acid  gas. 
In  1874  Arthur  Marescot 
invented  an  "  improved 
means  of  charging  liquids 
with  gaseous  bodies  (solid 
or  liquid)  and  in  apparatus 
or  appliances  connected 
therewith  or  therefor."  A 
metallic  capsule  filled  with 
condensed  carbonic  acid  gas 
is  placed  in  a  receptacle  in 
the  syphon  head,  which 
is  securely  sealed  from  the 
external  air,  but  is  in  communication  with  the  interior 
of  the  syphon  vase.  The  head  is  provided  with  an 
instrument  which  pierces  the  capsule  and  permits  the 
gas  to  escape  into  the  syphon  body  in  which  is 
contained  the  water  to  be  aerated.  By  shaking  the 
syphon  and  keeping  it  in  a  cool  place  the  water 
becomes  well  charged  with  gas,  and  can  be  drawn  off 
by  a  syphon  valve. 


Fig.  45. 
Syphon  for  use  with  Capsules 
of  Carbonic  Acid  Gas. 
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Another  variation  of  the  syphon,  but  one  which  is 
not  serviceable  for  domestic  use,  is  a  modification  which 
permits  of  the  water  in  the  syphon  being  charged 
directly  from  a  large  tube  of  the  condensed  gas. 

Although  not  strictly  belonging  to  the  category 
of  syphons,  the  subject  is  not  complete  without  a 
reference  to  the  many  ingenious  bottles  which  have 
been  invented  from  time  to  time  for  bottling  mineral 
waters.  The  use  of  substances  other  than  corks  for 
this  purpose  occurred  at  an  early  date,  W.  F.  Hamilton 
using  glass  and  earthen  stoppers  in  1809.  Screw 
stoppers  of  glass  and  earthenware  were  introduced 
about  1843.  It  was  in  1864  that  Edward  Hamilton 
invented  the  internal  stopper,  which  in  this  case  was 
made  of  india-rubber,  and  was  introduced  into  the 
bottle  by  force  through  a  contracted  neck.  When 
the  bottle  was  filled  with  an  aerated  liquid,  the 
pressure  of  the  gas  sufficed  to  hold  the  stopper  in  its 
place.  To  open  the  bottle,  it  was  only  necessary  to  push 
down  the  stopper.  Subsequently,  Adams  &  Barrett, 
Morton,  Vallet,  and  many  others  patented  improvements 
in  this  kind  of  stopper.  Codd  devised  a  bottle  neck 
which  prevented  the  round  glass  stopper  from  falling 
into  the  liquid,  and  also  prevented  it  from  blocking 
the  mouth  of  the  bottle  when  the  liquid  was 
poured  out. 

The  greatest  advance  in  the  use  of  bottles  took 
place  when  screw  stoppers  were  again  introduced  for 
mineral  waters,  for  they  make  it  possible  to  re-cork 
the  bottle,  and  thus  keep  a  portion  of  the  contents 
in   a   sparkling  condition  for  future  use.  Vulcanite 
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stoppers  and  india-rubber  washers  are  produced  of 
such  excellent  quality  that  the  bottles  are  made 
quite  gas-tight.  The  aerated  beverages  bottled  in 
this  manner  are  so  reasonable  in  price  that  they 
have  become  popular  in  the  widest  acceptation  of  the 
term. 
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The  Present  System  of  Making 
Aerated  Beverages. 

The  principles  governing  the  production  of  aerated 
beverages  have  been  incidentally,  if  not  always 
specifically,  discussed  at  so  great  length  in  the 
preceding  pages  that  there  only  remains  to  be 
described  the  modern  application  of  them.  Within 
somewhat  narrow  limits  the  methods  of  different 
manufacturers  vary,  and  the  types  of  machines  have 
acquired  a  national  complexion,  as  may  be  seen 
upon  comparing  those  of  English,  French,  German  and 
American  engineers.  The  varying  details,  however, 
are  only  of  interest  to  those  actually  employed  in 
the  industry,  and  an  account  of  them  would  obscure 
the  view  presented  to  the  layman.  In  order  to 
avoid  this  danger  it  will  be  as  well  if  the  description 
is  restricted  to  the  outline  of  the  procedure  adopted 
by  a  first-class  firm,  such  as  that  of  Messrs. 
Jewsbury  &  Brown. 

Water. — To  obtain  an  adequate  supply  of  good 
water  is  the  first  care  of  the  manufacturer,  and  the 
criteria  by  which  he  judges  it  are  rather  stringent. 
It  must  be  of  a  good  grade  of  organic    purity,  as 


ii6      ARTIFICIAL  MINERAL  WATERS 


tested  by  chemical  means,  and  the  number  of  bacteria 
per  cubic  centimetre  should  not  exceed  a  hundred. 
Notwithstanding  that  carbonic  acid  gas  has  an  inimical 
influence  upon  bacteria,  its  effect  varies  with  the 
species  and  with  the  conditions  of  storage.  Some 
bacteria  appear  to  succumb  very  readily  to  it,  while 
others  only  disappear  after  prolonged  exposure.  Hence 
the  need  of  having  an  initially  low  proportion  of 
bacteria.  Another  important  consideration  is  the 
amount  and  nature  of  the  mineral  constituents. 
Whereas  a  hard  water  containing  a  fair  proportion 
of  calcium  sulphate  is  the  most  suitable  for  ordinar}' 
brewing  purposes,  a  soft  water  is  preferable  for  making 
aerated  beverages,  particularly  those  containing  sugar. 
For  making  other  kinds  a  certain  degree  of  hardness 
is  not  unobjectionable.  Further,  it  is  essential  that 
the  water  should  be  free  from  colour.  The  foregoing 
characters  are  rarely  all  obtainable  in  a  natural  water. 
It  is,  therefore,  necessary  for  the  manufacturer,  if  he 
intends  to  produce  the  best  beverages,  to  thoroughly 
study  the  available  supply  of  water,  and  apply  to 
it  some  means  of  purification,  which  will  make  it 
suitable  for  his  purposes.  Mechanical  filtration  of 
some  kind  is  indispensable ;  but  there  is  no  little 
difficulty  in  devising  a  system  which  will  yield  pure 
water,  answering  the  tests  enumerated,  in  a  quantity 
sufficiently  copious  to  meet  the  demands  of  the 
manufactory.  Where  the  water  is  naturally  of  a 
first-rate  quality,  the  use  of  porcelain  or  kieselguhr 
candles,  according  to  the  Pasteur-Chamberland  or 
Berkefeld  systems,  is  all  that  is  necessary,  providing 
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due  attention  is  given  to  frequent  cleansing  of  the 
candles,  as  they  very  quickly  become  foul.  In  other 
cases  rather  more  elaborate  arrangements  have  to  be 
made,  and  sometimes  two  methods  of  filtration  have 
to  be  co-ordinated  to  accomplish  the  desired  result. 
Chemical  methods  of  purification  should  be  avoided, 
because  it  is  extremely  undesirable  that  there  should 
be  the  slightest  risk  of  introducing  even  the  most 
minute  quantities  of  such  chemicals  into  beverages 
which  are  partaken  of  so  freely  as  mineral  waters. 

Carbonic  Acid  Gas. — Scarcely  less  important  than 
a  plentiful  flow  of  pure  water  is  a  continuous,  abun- 
dant supply  of  carbonic  acid  gas.  Three  methods 
of  production  are  in  use  to-day  ;  two  of  these, 
involving  the  use  of  sulphuric  acid,  consist  in 
the  liberation  of  the  gas  from  ordinary  whiting 
(calcium  carbonate)  or  sodium  bicarbonate,  and  the 
third  consists  in  the  combustion  of  coke.  When 
whiting  or  sodium  bicarbonate  is  used,  the  powder 
is  introduced  into  a  chamber  provided  with  an 
agitator,  and  stirred  with  water  until  sufficiently  dilute 
to  flow  easily.  It  is  then  run  into  the  gas  generator 
where  it  meets  with  the  sulphuric  acid,  which  should 
only  be  admitted  very  slowly,  at  no  faster  rate  than 
will  meet  the  demands  of  the  machinery.  The 
evolved  gas  is  conducted  into  a  washing  apparatus 
and  through  a  vessel  containing  small  pieces  of  marble  ; 
thence  to  the  gas  holder,  which  varies  in  form  and 
size  in  accordance  with  the  general  design  of  the 
installation ;  from  this  it  is  drawn  off  by  the  pumps 
feeding  the  aerating  cylinders. 
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The  sulphuric  acid  used  is  of  much  greater  purity 
than  is  common  for  manufacturing  processes,  having 
to  pass  the  most  stringent  tests  for  arsenic  and  for 
nitrous  compounds.  The  first  of  these  impurities  has 
never  been  detected  so  far  as  I  know  in  carbonic  acid 
gas  and  the  contingency  of  it  appearing  in  the  gas  is 
an  extremely  remote  one;  but  the  utmost  care  is  taken 
by  all  good  makers  to  avert  the  slightest  possibility 
of  it  so  appearing.      By  admitting   the  acid  slowly 


Fig.  46.    Jewsbury  &  Brown's 
Patent  Automatic  Carbonic  Acid  Gas  Apparatus. 


into  the  generator  the  violence  of  the  reaction  is 
considerably  mitigated,  the  temperature  being  less  than 
otherwise  would  be  the  case,  and  splashing  of  the 
chemicals  into  the  exit  tubes  is  practically  avoided 
altogether.  Jewsbury  &  Brown  control  the  flow  of 
acid  to  the  generator  by  an  ingenious  automatic 
apparatus  (Fig.  46).  The  acid  is  contained  in  the 
vessel  C,  from  which  it  passes  through  the  tube  F  to 


PRESENT  SYSTEM  OF  MAKING 


119 


the  generator;  the  entrance  to  F  is  closed  by  a  valve  E, 
which  rises  and  falls  under  the  influence  of  the  ball  D 
floating  on  the  water  in  a  tank  B,  in  which  the  water 
rises  and  falls  according  to  the  amount  of  gas  in  the 
upper  part  of  the  washing  chamber  A.  The  gas  is 
admitted  from  the  generator  through  the  perforated 
pipe  K,  and  passes  to  the  aerating  cylinder  through 
H.  To  thoroughly  purify  the  gas  from  any  trace  of  acid 
vapours  it  may  contain,  a  vessel  half  filled  with  small 
chips  of  white  marble  is  used  in  conjunction  with  this 
apparatus. 

Whiting  is  not  so  generally  used  as  bicarbonate  of 
soda  because  of  the  danger  of  its  being  contaminated 
with  foreign  odours,  which  are  taken  up  by  it  with 
great  facility,  and  which  may  be  communicated  to  the 
evolved  gas.  There  are  two  other  objections  to  its 
use  which  have  greater  weight  since  good  sodium 
bicarbonate  became  merchantable  at  a  moderate  price. 
A  given  weight  of  it  yields  a  less  volume  of  the  gas 
than  the  sodium  salt,  and  the  residual  product  of  the 
reaction  with  sulphuric  acid  is  the  insoluble  calcium 
sulphate  which  can  only  be  disposed  of  with  great 
difficulty,  especially  in  large  towns  where  the  effluents 
from  works  are  controlled  by  the  municipal  authorities. 
Apparently  this  difficulty  could  be  overcome  by  the  use 
of  hydrochloric  acid,  but  as  hydrochloric  acid  gas  is 
itself  volatile  and  frequently  contains  gaseous  impurities 
such  as  arsenium  trichloride  and  chlorine,  the  danger 
of  obtaining  carbonic  acid  gas  contaminated  with 
irritating  vapours  precludes  its  employment.  For  the 
reasons    indicated,    sodium   bicarbonate   is   the  most 
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general  source  of  the  gas.  Seeing,  however,  that 
it  is  usually  prepared  by  the  ammonia  process,  the 
quality  of  the  article  and  the  conditions  under  which 
it  is  used  are  so  controlled  as  to  obviate  any  danger 
of  ammonia  gas  passing  into  the  gasholder.  The 
sodium  sulphate  obtained  by  its  interaction  with  the 
acid  is  a  saleable  article  in  moderate  demand,  and,  in 
any  circumstances,  is  much  more  readily  dealt  with  than 
the  product  from  whiting. 

The  great  convenience  of  having  an  easily  managed 
continuous,  or  intermittent,  supply  of  carbonic  acid  gas 
which  is  obtainable  by  using  the  condensed  gas  stored 
in  cylinders  has  caused  this  article  to  be  appreciated  so 
much  that  several  large  manufactories,  some  of  which 
also  make  compressed  oxygen,  find  their  ability  to  meet 
the  demand  in  the  warm  months  of  the  year  severely 
taxed.  The  gas  is  made  by  burning  coke  in  the  furnaces 
of  boilers ;  together  with  the  other  gaseous  products  of 
combustion  it  is  passed  into  towers  down  which  streams 
of  hot  and  cold  water  descend ;  by  submitting  the  gases 
first  to  the  hot  and  then  to  the  cold  water  sulphurous 
acid  gas  is  removed.  The  remaining  gases  are  then 
brought  into  contact  with  potash  lye  in  a  series  of 
towers  down  which  it  is  made  to  trickle;  the  lye 
becomes  converted  into  a  solution  of  potassium 
bicarbonate  and  the  unattached  gases  are  permitted  to 
pass  into  the  atmosphere.  By  then  submitting  the 
solution  to  the  action  of  heat  in  the  boilers  the  gas  is 
driven  off,  and,  after  being  purified  from  aqueous  vapour 
by  passing  it  through  calcium  chloride,  it  is  passed  to 
a  series  of  compressing  machines,  in  the  last  of  which 
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it  is  submitted  to  a  pressure  of  about  a  thousand  pounds 
per  square  inch.  Finally,  it  is  stored  in  iron  bottles 
holding  about  twenty-eight  pounds  weight. 

The  gas  given  off  in  the  fermenting  vats  of  large 
breweries  is  also  available  for  condensing  purposes  and 
is  so  treated  by  a  few  large  firms,  but  unless  care  is 
taken  to  purify  it  from  the  other  volatile  products  of 
fermentation  these  may  be  communicated  to  the  aerated 
beverages  and  confer  upon  them  odours  and  flavours 
otherwise  foreign  to  them. 

The  condensed  gas  is  supplied  of  such  purity  that 
no  purifying  apparatus  needs  to  be  interposed  between 
the  gas  cylinder  and  the  aerating  vessel,  but  the  two  are 
united  directly  to  one  another. 

Carbonating'  Process. — If  the  accompanying  sketch 
of  a  mineral  water  plant  is  examined  (Fig.  47), 
taking  the  different  pieces  of  machinery  in  order 
from  the  right  to  the  left,  it  will  be  seen  that  the 
gas  passes  from  the  generatc^r  (A)  through  the 
purifier  (2)  and  gasholder  (CO)  by  way  of  the 
pump  (G)  to  the  carbonating  cylinder  (D),  in  which  the 
water  and  carbonic  acid  gas  are  intimately  mixed  by  an 
agitator  under  a  pressure  of  from  100  to  200  pounds  per 
square  inch.  In  making  soda  and  potash  waters  as  well 
as  all  other  waters  containing  only  inorganic  salts,  the 
solutions  are  made  in  slate  cisterns  contained  in  a  special 
apartment  and  protected  by  every  possible  means  from 
the  access  of  extraneous  matter.  After  the  requisite 
quantity  of  salts  has  been  dissolved  and  the  volume  of 
fluid  adjusted,  samples  of  the  solutions  are  sent  to  the 
laboratory  to  be  tested,  as  by  this  means  not  only  is  the 
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quantity  of  added  salts  checked  as  being  correct,  but  it 
ensures  that  the  contents  of  the  cistern  have  been 
properly  mixed.  When  this  has  been  done  the  solutions 
are  allowed  to  run  through  glass  or  pure  grain  tin 
pipes  to  the  aerating  machines  situated  in  the  bottling 
department.  To  each  of  the  aerating  cylinders  is 
attached  a  glazed  earthenware  cistern  provided  with  a 
closely  fitting  cover.  It  is  into  this  that  the  solution 
runs,  and  from  which  it  is  pumped  into  the  cylinder 
where  it  is  combined  with  the  gas.  The  cylinder  may 
be  made  of  wooden  staves  strongly  bound  together, 
but  generally  it  is  made  of  copper  or  gun-metal 
lined  with  pure  grain  tin  of  about  three-sixteenths  of 
an  inch  in  thickness.  When  fully  charged  with  gas 
the  water  is  conducted  to  the  bottling  machines  and 
forced  into  the  bottles  by  the  pressure  of  gas  contained 
in  the  cylinder. 

The  chemical  laboratory  is  an  institution  upon 
which  considerable  reliance  is  placed  to  ensure  the 
purity  of  the  various  substances  entering  into  the 
composition  of  mineral  waters,  as  well  as  to  control 
the  strength  of  them  before  being  sold.  The  sale 
of  so-called  soda  water  containing  no  soda  is  a  very 
common  practice  and  one  to  be  deprecated.  Although 
plausible  excuses  are  advanced  for  the  practice,  it  is 
significant  that  respectable  firms  invariably  add  a 
proportion  of  sodium  bicarbonate,  and  when  selling 
plain  aerated  water  many  of  them  are  content  to 
sell  it  as  such,  without  attaching  to  it  a  high- 
sounding  name,  intended  to  imply  that  it  is  something 
other  than  it  is.     The  range  of  strengths    of  soda  . 
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water  as  bottled  by  different  firms  is  great,  varying 
from  nothing  to  fifteen  grains  in  the  pint.  So  long 
as  no  fixed  standard  is  adopted  by  manufacturers  this 
state  of  things  will  continue  ;  it  is,  therefore,  desirable 
that  makers  should  exercise  careful  discretion  to  use 
the  salt  in  quantities  which,  while  conferring  on 
the  water  its  distinctively  alkaline  properties,  will 
not  be  sufficiently  great  to  disturb  the  normal  digestive 
functions.  Jewsbury  &  Brown  for  a  great  number 
of  years  have  used  the  proportion  of  five  grains  of 
sodium  bicarbonate  to  the  half-pint. 

The  procedure  followed  in  making  sweet  aerated 
beverages,  such  as  lemonade  and  ginger  ale,  is  rather 
different,  because  the  syrup  flavoured  with  the  proper 
essence  is  first  put  into  the  bottle  and  then  the 
carbonated  water  is  added  to  it  at  the  bottling  machine. 
To  obtain  brilliant  beverages  which  will  keep  sound, 
which  will  be  immune  from  fermentation,  the  best 
crystal  sugar  free  from  colouring  matter,  obtained  from 
the  sugar  cane  is  used.  The  faint  yellow  tint  of 
the  second  quality  refined  sugars  is  generally  counter- 
acted by  the  addition  of  a  trace  of  blue  colouring 
matter,  often  consisting  of  ultramarine.  When  these 
sugars  are  converted  into  syrup,  a  faintly  opalescent 
fluid  is  produced  which  gives  rise  to  a  disagreeable 
odour  upon  the  addition  of  the  acids  necessary  for 
acidifying  the  beverages.  Sugars  of  this  class  arc 
also  very  prone  to  fermentation  in  dilute  solutions, 
and,  unless  some  substance — so-called  preservative — 
inimical  to  ferments  is  added,  the  beverages  into 
.which    they  enter   sooner  or  later  decompose.  The 
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flavouring  essences  and  a  small  quantity  of  acid 
are  added  to  the  syrup  before  it  is  put  into  the 
bottles.  Tartaric  or  citric  acids  are  generally  preferred 
for  this  purpose ;  the  latter  is  the  most  acceptable 
in  flavour,  and,  if  crystallised  in  earthenware  to  obtain  it 
quite  free  from  lead,  there  is  no  fear  of  its  communicating 
any  dangerous  substance  to  the  beverages.  Liquid 
acids  of  different  kinds  are  sold  for  the  same  purpose, 
especially  phosphoric  acid,  which  enters  into  the 
composition  of  many  of  the  acids  advertised  under 
fancy  names  with  a  view  to  impress  the  ill-informed 
manufacturer. 

The  production  of  essences  for  the  use  of  the 
maker  of  aerated  beverages  has  become  a  very  important 
business,  and  the  demand  to  meet  the  tastes  of 
different  districts  has  led  to  a  very  great  variety  of 
them.  The  most  popular  flavours,  however,  seem  to 
be  those  having  a  lemon  basis,  if  one  may  judge 
from  the  large  quantities  of  lemonade  which  are 
drunk  ;  but  those  of  indigenous  fruits,  as  the  raspberry, 
strawberry  and  pear,  are  comparatively  neglected. 
Why  this  should  be  so  is  not  clear,  unless  it  is  that 
the  flavours  as  reproduced  in  the  beverages  do  not 
create  the  same  grateful  effect  upon  the  palate 
that  people  are  accustomed  to  when  partaking  of  the 
fresh  fruit.  Some  confirmation  of  this  notion  is 
found  in  the  fact  that  lemonade  made  direct  from 
the  fresh  fruit  is  much  more  acceptable  than  that 
made  with  the  essential  oil.  For  this  reason 
Jewsbury  &  Brown  maintain  their  old  process  of 
making    the    lemon    essence    direct    from    the  fresh 
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lemons  imported  from  Messina  d  urinj^  the  first  three 
months  of  the  year. 

When  considering  the  production  of  aerated 
beverages,  the  brewing  of  ginger  beer  and  other 
non-alcohoHc  brewed  beverages  calls  for  a  passing 
remark,  although  not  coming  strictly  within  the  purview 
of  our  treatise.  Ginger  beer  is  made  by  infusing  a 
quantity  of  good  ginger  root  and  adding  to  the 
infusion  sugar  and  some  substance,  such  as  cream  of 
tartar,  to  communicate  a  slight  acidity  to  it.  This  is 
then  submitted  to  the  process  of  fermentation,  which, 
together  with  the  quantity  of  sugar  used,  must  be  so 
arranged  that  the  final  product  shall  contain  not  more 
than  two  per  cent,  of  proof  spirit,  otherwise  it  is 
brought  within  the  reach  of  the  excise  regulations. 
Other  flavouring  substances  in  addition  to  the  ginger 
are  used,  and  give  to  the  beer  the  characteristics 
distinctive  of  the  different  manufacturers.  Hop  ale 
and  other  bitter  beverages  are  made  on  similar  lines, 
substituting  hops,  &c.,  for  the  ginger  root.  In  order 
to  avoid  the  troublesome  operation  of  fermentation, 
some  makers  are  content  to  add  ginger  and  hop 
essences  to  diluted  syrup,  in  the  same  way  as  in 
making  aerated  beverages,  and  the  mixture  is  then 
carbonated  in  the  usual  way.  The  odour  and  flavour 
of  such  carbonated  mixtures  are  very  different  from 
those  which  have  acquired  the  peculiar  etherial  flavours 
which  are  the  result  of  the  action  of  the  yeast. 

Bottling"  Process. — In  the  bottling  of  the  waters 
three  different  types  of  machines  are  used  to  meet 
the    requirements   of  the    three   types   of  bottles  in 
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common  use,  namely,  the  ordinary  corked  bottle,  the 
internal  stoppered  bottle,  and  the  screw  stopper 
bottle.  There  are  people  who  still  prefer  soda  water 
bottled  by  hand;  but  the  urgency  of  modern  business 


Fig.  48.      Hayes-Macdonnell "  Machine  for  Corked  Bottles. 
(Made  by  Hayward  Tyler  &  Co.) 

methods  has  almost  banished  the  older-fashioned 
machines  from  the  manufactory.  The  mechanism  used  for 
hand  bottling  is  of  the  simplest.  To  a  pipe  conducting 
the  water  from  the  aerating  cylinder  is  attached  a  stop- 
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cock,  at  which  the  bottle  is  held  to  receive  the  water. 
The  inrush  is  stopped  momentarily  at  a  certain  stage 
in  the  filling  to  let  the  imprisoned  atmospheric  air 
escape  at  the  discretion  of  the  workman.  When  the 
bottle  is  full,  a  sound,  supple  cork  is  inserted  in  the  neck 
and  driven  home  by  a  wooden  mallet  Of  automatic 
machines  for  filling  the  ordinary  corked  bottles,  the 
"  Hayes-Macdonnell,"  as  designed  for  Jewsbury  & 
Brown,  is  a  good,  example.  It  is  supplied  with  bottles 
and  corks  by  the  attendant.  The  machine  places  in  the 
bottle  the  proper  quantity  of  flavoured  syrup  with  a 
charge  of  carbonated  water,  and  finally  drives  home  the 
cork  and  delivers  the  corked  bottle  into  a  side  trough 
ready  for  the  wiring  of  the  cork  and  the  labelling.  In 
this  machine  the  atmospheric  air  is  liberated  auto- 
matically so  that  there  is  no  fear,  provided  the  gas  used  is 
free  from  air,  of  expulsion  of  the  liquid  when  the  bottle 
is  uncorked.  When  opening  a  bottle  of  mineral  water 
properly  charged  with  carbonic  acid  gas,  without  any 
admixture  of  atmospheric  air,  no  risk  is  incurred — if 
ordinary  care  is  used — of  the  contents  being  forcibly 
expelled.  Atmospheric  air  is  only  slightly  soluble  in 
water,  hence  when  the  pressure  is  removed  from  a 
bottle  which  has  been  partially  aerated  with  it,  it  is 
liberated  with  considerable  violence.  On  the  other 
hand,  carbonic  acid  gas  is  fairly  soluble  in  water,  and 
is  only  liberated  in  the  form  of  a  general  effervescence. 

There  is  a  liability  for  the  bottles  to  contain  flaws, 
and  to  be  badly  annealed;  upon  filling  such  bottles  they 
naturally  fail  to  withstand  the  sudden  pressure  ot  gas 
to  which  they  are  submitted  ;  the  bottling  process  thus 
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becomes  a  most  excellent  means  of  getting  rid  of  faulty 
bottles.  In  order  to  protect  the  workmen  from  any 
danger  of  injury  they  are  equipped  with  strong  woollen 
gauntlets  and  wire  head- 
pieces. Perhaps  the  most 
efficient  means  of  protecting 
the  head  is  the  helmet 
invented  by  Jewsbury  & 
Brown,  which  completely 
envelopes  the  head  and  neck. 

Bottles  with  internal 
stoppers  require  a  special 
piece  of  apparatus,  inasmuch 
that  in  the  final  stage  of  the 
process  the  bottle  must  be 
turned  upside  down  so  as  to 
permit  the  stopper  to  come 
into  contact  with  the  india- 
rubber  ring  in  the  neck, 
against  which  it  is  forced 
by  pressure  of  the  gas. 
Two  principal  varieties  are 
known  as  "turn-over"  and 
''swing"  filling  machines.  In 
the  latter  the  bottle  is  placed 
on  a  slanting  table  and  filled 
with  syrup  and  carbonated 
water;  it  is  then  smartly 
into    an  upright 


brought 


Fig.  49.    Hay  ward  Tyler's 

Swing  Machine 

for  Internal  Stoppered  Bottles, 
mverted  position  to  fix  the 

stopper.    The  third  variety  for  screw  stopper  bottles 
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is  built  on  quite  a  different  plan  and  is  operated  with 
so  little  labour  that  it  has  caused  a  considerable 
diminution  in  the  price  of  mineral  waters.  As  made 
by  The  Riley  Manufacturing  Company,  it  provides  for 
dealing  with  the  empty  bottle  with  the  stopper  in  it;  the 
machine  in  a  very  short  space  of  time  takes  out  the 
stopper,  puts  in  the  syrup,  then  the  charge  of 
carbonated  water,  and  lastly,  replaces  the  stopper  and 
swings  back  the  screen  delivering  the  bottle  into  the 
workman's  hand  ready  for  the  label. 


Fig.  50.    Hayes'  Syphon  Filling  Machine. 

The  structure  of  the  syphon  demands  a  rather  different 
machine.  In  the  first  place  it  can  only  be  filled  through 
the  spout  in  an  inverted  position,  and  in  the  second 
place  some  mechanical  contrivance  must  be  used  to 


PRESENT  SYSTEM  OF  MAKING  131 

depress  the  lever  before  the  valve  will  open  to  admit  the 
liquid.  The  release  of  the  atmospheric  air  also  requires 
special  attention,  because  the  volume  of  it  is  from  three 
to  four  times  greater  than  that  in  an  ordinary  bottle. 

Bottle  Washing". — A  great  deal  of  the  success 
which  a  manufacturer  may  command  depends  upon 
the  care  expended  on  the  cleaning  of  bottles 
and  syphons.  It  is  not  of  much  avail  to  bestow 
pains  upon  the  production  of  the  beverages  unless 
they  are  at  last  consigned  to  perfectly  clean  receptacles. 
Just  as  bottles  have  become  more  convenient  for 
opening,  by  reason  of  the  use  of  india-rubber  washers 
and  similar  contrivances,  so  they  have,  because  of 
these  additions,  become  more  liable  to  harbour  dirt.  The 
essentials  of  a  good  washing  installation  are  a  tank 
for  soaking  the  bottles  in  warm  water,  a  system  of 
mechanical  brushes  acting  on  the  interior  and  the 
exterior  of  the  bottles,  and  an  apparatus  for  rinsing 
them  out  with  pure  water.  To  complete  the  process  in 
a  proper  manner  they  are  stored  in  an  inverted  position 
in  well  ventilated  racks  until  required  for  use.  For 
cleaning  the  india-rubber  rings  and  vulcanite  stoppers 
other  contrivances  are  necessary.  Syphons  are  not  so 
easily  cleansed;  indeed,  the  trouble  they  cause  has 
furnished  a  temptation  to  some  people,  whose  first 
consideration  it  is  to  reduce  the  expenses  of  labour,  to 
refill  them  with  the  same  kind  of  beverage  without 
washing  the  inside  at  all.  But  good  makers  take  great 
care  to  cleanse  them  with  water  under  a  considerable 
pressure  of  carbonic  acid  gas  because  of  the  liability  for 
germs  to  become  lodged  in  the  spout. 
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Packing". — The  packing  of  mineral  water  bottles 
for  the  English  trade  is  very  simple.  The  old  method 
of  packing  in  hampers  is  now  quite  superseded  by  cases 
made  with  divisions  separating  the  individual  bottles, 
and  holding  two,  three,  four  or  more  dozens,  and 
provided  with  lids  to  be  tied  down.  Before  mineral 
waters  can  be  sent  abroad  more  attention  has  to 
be  devoted  to  this  matter.  For  the  most  part 
manufacturers  continue  to  put  the  bottles  into  barrels, 
using  straw  as  packing  material;  but  Jewsbury  & 
Brown's  experience  of  this  method,  resulting  as  it 
does  in  considerable  breakage,  led  them  to  seek  a  better 
one,  which  they  found  in  the  use  of  cases  made  to 
exactly  hold  a  fixed  number  of  bottles  which  are  packed 
without  the  intervention  of  any  substance  other  than 
thin  layers  of  wood  and  paper.  The  great  ease  with 
which  the  cases  are  handled,  and  the  reduction  in  the 
number  of  bottles  broken,  has  thoroughly  justified  the 
employment  of  this  manner  of  packing  for  exportation. 
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of  lead,  29 
of  tartar,  28 
purgative,  1 1 
Rochelle,  26  27 
Seidlitz,  15  25  27 
Seignette's,  25-6 
spirit  of,  46 
vegetable,  2^ 
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Saltpetre,  25 
Saks  in  mineral  waters,  6 
solutions  of,  121  123 

Sandwich,  Lord,  62 
Saunders,  W.,  138 
Savanorola,  Michael,  6 
Savaresse,  ph-e,  89  102  108 
Philibert,  90  104  108 

Savaresse's  aerating  machine, 
89-91 

lever  syphons,  102-104  no 

Saville,  Sir  George,  62 
Savory,  T.  F.,  27 
Sehweppe,  J.,  73  77 

Screw  stopper  bottles,  114  127  129 
130 

method  of  filling,  129  130 
stoppers  for  bottles,  114 
Scurvy,  3,  62  73 

Sebizius,  8 

Seidlitz  powders,  25  27  1 
salt,  15  25  27  1 
spring,  IS 
water,  25  79 

Seignette,  Peter,  25-6 

Seignette'S  salt,  composition  of, 

26 

Sel  de  Seignette^  26 
Sel  vegetal^  27 

Seip,  F.  G.  P.,  16  17  138 
Seip,  J.  P.,  16  41  138 

Selenite,  13 

Seltzer  water,  6  21  31  33  40  71  72 
79 

imitation  of,  21  31  33  71  72 
Seydschutz  spring,  15 

Shaw,  Peter,  13  15  136 

Short  lever  syphon,  108 
Short.  T.,  138-9 
Silver,  reactions  of,  8 
Silvestris,  spiritus,  2  36 
Siphoidc^  vase,  102-104  no  / 
Siphon  chanipcnot's,  101-2 
Sipho)i-oiiinihitSy  Joret's,  log 

Slare,  Dr.,  15 
Smith,  Angus,  74 


Soda,  72 

water,  i  28  72  73  121  123  124 
acidulous,  73 
origin  of,  i  72  73 
Sodium,  acid  sulphate  of,  96 
bicarbonate,  93  95  96  117 

119  120 
carbonate,  18  21  56 
sulphate,  96  120 

Solid  constituents  of  mineral  waters, 

14  23 
Solids,  gas  from,  40 
Soluble  tartar,  27  28 
Solutions  of  salts,  121  123 
Soul  of  the  waters,  2  52 
Spa,  25  31 

water,  11  15  17  18  33  50  51 

54  79 
composition  of,  18 
imitation  of,  33  51 
Spar,  calcareous,  55 
1    Sparkling  mineral  waters,  14  15 
1    Specific  gravity,  Boyle's  method,  10 
of  aerated  water,  56 
Spirit,  Lvtherial  elastic,  2 
elastic,  2  14 
in  mineral  waters,  16 
mineral,  2  30 
of  salt,  46 
of  sulphur,  29 
of  vitriol,  72 
sulphureous,  18 
universal,  14 
vitriolick,  12 
volatile.  12 
water,  5 
Spiriltis  silves/iis,  2  36 
siilphuieus,  46 

Spring,  Epsom,  15 
Pyrmont,  65 
Pouhon,  45 
Seidlitz,  15 
Se3'dschutz,  15 

Springs,  aperient,  11  12 
chalybeate,  I2 

Springsfleld,  Dr.,  19 
Stephens,  16 

Stoneware  syphons,  102  105 
Stoppered  bottles,  127  129 


INDEX 


153 


Stoppers,  Adams  &  Barrett's,  113 
Hamilton's,  113 
internal,  113  127  129 
Morton's,  113, 
screw,  for  bottles,  114 
Vallet's,  113 
vulcanite,  114,  131 

StPuve,  F.  A.,  33  92  93  . 

measurement  of  carbonic  acid 
gas,  93 

Stysted,  Charles,  24 

Substitutes  for  medicinal  waters,  2 
for   mineral   waters,  formulee 

for,  27-29 
for  natural  mineral  waters,  24 
27-29 

Subterranean  vapours,  42 
Sugar,  124 

Sulphate  of  alumina,  96 

of  calcium,  13  116  119 
of  copper,  II 
of  iron,  8  10  28 
of  magnesium,  25 
of  potassium,  25 
of  sodium,  96  120 
of  zinc,  27 

Sulphide  of  ammonium,  10 
Sulphur,  7  25  58 

metallick,  18 

spirit  of,  29 

Sulphureous  spirit,  18 

SnlpJniretis ,  spi7'ilus,  46 

Sulphuric  acid,  7  58  64  70  78  93 
96  117  118 

impurities  in,  118 

volatile,  20 
Sulphurous  acid,  120 
Superabundant  air,  21  40  46 

Supernatural  powers  of  mineral 

springs,  5 
Superstitions  concerning  springs,  5 

Swaine,  E.  S.,  92 

Sweet  aerated  l)everages,  124 
Swing  bottle-filling  machine,  129 
Syphon,  Bailey's,  iii 

Beltzung's,  11 1 

Briet's,  110  in 

china,  102 

Comte  de  Fontainemoreau's,  108 


Sy  ph  o  n — coiiliiiued. 
cooler  for,  106 
copper,  104 
Durafort's,  in 
P^ugster's,  III 
filling,  91  130 
machine,  130 
Francois',  no 
glass,  102 
Hammer's,  no 
head,  lined,  in 
ice  pail  for,  106 
Jewsbury  &  Brown's,  1 1 1 
Leroy's,  no 

lever,  Savaresse's,  102-104 
long  lever,  109  1 10 
Marescot's,  112 
Marie's,  108 
Martin's,  in 

Mayo  &  Warmington's,  104-106 

metal,  102 

Murdoch's,  107  108 

Musitzky's,  in 

origin  of,  104 

Ozouf's,  109 

push-top,  103-4 

Roger's,  108 

Savaresse's,  102-104  no 

short  lever,  108 

stoneware,  102  105 

Vallet's,  III 

Veissiere's,  in 

Wills',  in' 
Syphons  for  condensed  carbonic  acid 
gas,  112 

washing  of,  131 
Syrup  of  raspberries,  29 

of  violets,  7 
Syrups,  98 


Table  beverages,  80 
Tartar,  cream  of,  28  29  126 

salt  of,  28 

soluble,  27-8 
Tartaric  acid,  95  96  125 
Tartrate  of  potassium,  27 

of  potassium  and  sodium,  26 
Temperature  of  waters,  10 
Terra  ponderosa,  56 
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Test  for  copper,  7 

papers,  10 
Tests,  colour,  10 

Theodore,  Jacob,  6 

Thermoscope,  10 

Thilopia,  60 

ThilOPier'S  aerating  machine,  91 
92 

Thompson,  75 
Thompstone,  75 
Toupnefopt,  J.  P.,  28  139 

Trade  in  aerated  beverages,  4 
Turn-over  bottling  machine,  129 

Tupnep,  Geopge,  16  17  18  139 
Tupnep,  W.,  6,  139 

Universal  spirit,  14 

Vals  water,  79 
Vallet'S  stoppers,  113 
syphon,  1 11 

Van  Helmont,  36-38  41  46 

Vapours,  subterranean,  42 
Vase  siphoide,  102-104  no 

Hammer's,  1 10 

mechanism  of,  102-3 

Vauquelin,  M.,  78 

Vegetable  alkali,  18  56 

salt,  28 
VeissiePe'S  gazogene,  96 

syphon,  in 

Venel,  19-21  31  40  46  51  61  139 

aeration  of  water,  6i 
Vertical  aerating  machines,  93  94 
generators,  92 

Vieary,  Thomas,  139 

Vichy  water,  79 
Vienna  waters,  34 
Villiet'S  gazogene,  96 
Vinegar,  72 
Violets,  syrup  of,  7 
Vital  air,  57 

Vitriol,  8 

cupreous,  11 
martial,  lO 
spirit  of,  72 


Vitriol  voinitif,  27 
Vitn'oli,  gilla,  27  28 
Vitriolic  acid,  7  54 

principle,  14 
Vitriolick  spirit,  12 

waters,  28 
Volatile  alkali,  7  8  56 

principle,  2 

spirit,  12 

sulphuric  acid,  20 
Vulcanite  stoppers,  114  131 

Wallepius,  J,  G.,  139 
Wapgentin,  32 
Wapmington,  104-107 

Washing  apparatus  for  carbonic  acid 

gas,  117 
of  bottles  and  syphons,  131 
Water,  115 

acidulous  soda,  73 
aeration  of,  61 

Bergman,  67 

Brownrigg,  30  45 

Due  de  Chaulnes,  67 

Lane,  62 

Nooth,  68 

Piiestley,  62-64 

Venel,  61 
alkaline,  79 

artificial  mineral,  4  27  28  33  35 

76  77. 
bacteria  in,  116 
Balarne,  79 
Bareges,  80 
Barnet,  11  12 
Bath,  6  7 
Bristol,  40 
Bussans,  79 

calcium  sulphate  in,  116 
Carlsbad,  33 
Contrexeville,  79 
distillation  of,  Irving's  method, 
62 

Ebbisham,  25 

Epsom,  II  12  15  25 

filtration  of,  1 16 

first  impregnated  with  carbonic 

acid  gas,  53 
hard,  116 
Holt,  40 
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Water — continued. 

hydrocarbonaled,  79 
hydrogenated,  79 
hydrosulphuraled,  79 
impregnation  with  gases,  44 
lime,  56 
Marienbad,  33 
mineral  constituents  of,  116 
oxygenated,  79 
Plombieres,  79 
potash,  121 

pressure  of  aeration,  80 
purification  of,  116  117 
purity  of,  115  116 
Pyrmont,  16  17  33  40  54  71 

artificial,  33  45  7 1  72 
rain,  40 

Rathbone  Place,  50 

Seidlitz,  15  25  79 

Seltzer,  6  21  33  40  71  72  79 

artificial,  31  33  71  72 
Seydschutz,  15 
soda,  I  28  72  73  121  123  124 

origin  of,  i  72  73 
soft,  116 

Spa,  II   15  17  18  33  50  51 

54  79 
artificial,  33  51 
spirit,  5 
Vals,  79 
Vichy,  79 
well,  40 
Waters,  acidulous,  8  9 

aerated,  imitation  of,  30 
alkaline,  79 
aluminous,  28 

chalybeate,  12  15  28  31  51 
ferruginous,  10 
English,  23 
French,  8 
German,  611 
medicated,  21 

mineral,  aerating  principle,  7 
40  _  43 
alkali  in,  15 


Waters — continued. 

carbonic  acid  in,  30 
imitations  of,  3   9    19  24 
25   27  30   31  33  45  51 
71  72 
ingredients  of,  7 
manufactured  at — 
Berlin,  33 
Brighton,  33 
Dresden,  33 
Leipzig,  33 
recipes  for,  27  28  72 
substitutes  for,  24  27-29 
purgative,  15  25 
soul  of  the,  2  52 
temperature  of,  10 
Vienna,  34 
vitriolick,  28 

Watson,  Dr.,  Junp.,  51  52 
Watt,  James,  33  60  75  76  83 

88  139 
air  holder,  88 
hydraulic  bellows,  76  83 

Wedgwood,  75 

Well,  St.  Fillan's,  5 
water,  40 

Wells,  holy,  5 
Whitehaven,  61 
Whiting,  117  119 
Wills'  syphon,  1 1 1 
Wine,  69  70 

Withering,  William,  33  69  70 

139 

aerated  water  apparatus,  33  6g 
.  70 

Witheringite,  33 
Woollen  gauntlets,  129 
Works,  effluents  from,  119 

Yeast,  artificial,  70 
Zinc  sulphate,  27 


Views  of 


Jewsbury  &  Brown's 

Mineral  Water 
Manufactory. 
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Jewsbofy  &  Brown^s  Mineral  Water  Manufactory, 
Ardwick  Green,  Manchester, 


Carbonic  Acid  Gas  Generating  Department, 


Filling  and  Corking  Machine  and  Bottler^s  Outfit* 


Screw  Stopper  Bottle  Filling  Machine, 


r 


